TTL MSI Qrcuits 



New TTL/MSI 
Now Available 



SN54/74157 Quad 2-Line-To-l-Line Data Selector/Multiplexei 

With Strobe Control 

• Pin-for-pin replacement for 9322-type multiplexers 



Selects bused data from one of two sources 



Ideal for controlling accumulator inputs 



Use to expand any data input point 



Generates four functions of two variables 
(one variable is common) 



Source programmable counters 



LOGIC 

SN54/74157 





SELECT — P>0 — •--P]>0- 

115) J^ 
ENABLE 0M> 





Pin 16 ' Vrr. Pm 8 = GND 



Pin (16) = Vcc. Pi" (8) = GND 



TYPICAL POWER: 125 mW 
TYPICAL PROPAPATION DELAY 
TIME 20 ns (SELECT TO OUTPUT) 



Available in 16-pin 
J, N, and W packages 



HL MSI INDEX 



TTL 
MEDIUM SCALE INTEGRATION (MSI) 



FUNCTION 



OPERATING TEMPERATURE 

RANGE 
-55°C to 1 25°C 0°C to 70°C 



PACKAGES* 
Dual-ln- 
Llne Flat 



SEC.-PAGE 



Decade Counters 


SN5490 


SN7490 




N 


W 


9-4 


Decade Counters (Low Power) 


SN54L90 


SN74L90 




N 


T 


9-9 


Divide-by-Twelve Counters 


SN5492 


SN7492 




N 


W 


9-14 




4-Bit Binary Counters 


SN5493 


SN7493 




N 


W 


9-19 


4-Bit Binary Counters (Low Power) 


SN54L93 


SIM74L93 




N 


T 


9-24 


50-MHz Preset Table Decade Counters/Latches 


SN54196 


SN74196 




N 


W 


9-29 


50-MHz Preset Table 4-Bit Binary Counters/Latches . . . 


SN54197 


SN74197 




N 


W 


9-29 



A SYNCHRONOUS COUNTER S 

Decade Counters . . . . 
Decade Counters (Low Powe 
Divide-by-Twelve Counters 
4-Bit Binary Counters . . 
4-Bit Binary Counters (Low f 
50-MHz Preset Table Decade 
50-MHz Preset Table 4-Bit Bi 

S YNCHRONOUS COUNTERS 

Synchronous 6-Bit Binary Ra 
Sychronous Decade Counters 
Synchronous 4-Bit Binary Co 
Fully Synchronous Decade C 
Fully Synchronous 4-Bit Bin; 
Synchronous Decade Decima 
Synchronous Up/Down Deca 

(Single Clock Line) 

Synchronous Up/Down 4-Bit 

(Single Clock Line) 
Synchronous Up/Down Deca 

(Two Clock Lines) 
Synchronous Up/Down 4-Bit 

(Two Clock Lines) . 

4-BIT, 5-BlT. 6-BIT SHIFT/STORAGE REGISTERS 



Synchronous6-Bit Binary Rate Multiplier 




SN7497 


J 


N 


W 


9-35 


Sychronous Decade Counters 


. . SN54160 


SN74160 


J 


N 


W 


9-41 






Synchronous 4-Bit Binary Counters 


SN54161 


SN74161 


J 


N 


W 


9-41 






Fully Synchronous Decade Counters 


. . SN54162 


SN74162 


J 


N 


W 


9-41 


Fully Synchronous 4-Bit Binary Counters 


. . SN54163 


SN74163 


J 


N 


W 


9-41 


Synchronous Decade Decimal Rate Multiplier . . . . 




SN74167 


J 


N 


W 


9-35 


Synchronous Up/Down Decade Counters 

(Single Clock Line) 


. . SN54190 


SN74190 


J 


IM 


W 


9-49 


Synchronous Up/Down 4-Bit Binary Counters 

(Single Clock Line) 


. . SN54191 


SN74191 


J 


N 


W 


9-49 


Synchronous Up/Down Decade Counters 

(Two Clock Lines) 


. . SN54192 


SN74192 


J 


N 


W 


9-57 


Synchronous Up/Down 4-Bit Binary Counters 

(Two Clock Lines) 


. . SN54193 


SN74193 


J 


N 


W 


9-57 



4-Bit Shift Registers (Parallel-In, Serial-Out) .... 


. . SN5494 


SN7494 


J 


N 


W 


9-58 


4-Bit Universal Shift Registers (Parallel-In, 

Parallel-Out) 


. . SN5495A 


SN7495A 


J 


N 


W 


9-72 


4-Bit Universal Shift Registers (Parallel-In, 

Parallel-Out) (Low Power) 


. . SN54L95 


SN74L95 


J 


N 


T 


9-79 


5-Bit Shift Registers (Dual-Parallel-ln, 

Parallel-Out) 


. . SN6496 


SN7496 


J 


N 


W 


9-86 


4-Bit Data Selectors/Storage Registers 

(Low Power) 


. . SN54L98 


SN74L98 


J 


N 




9-90 


4-Bit Right-Shift Registers with J K and D 

( Low Power) 


. . SN54L99 


SN74L99 


J 


N 




9-96 


4-Bit Parallel-In, Parallel-Out Bidirectional 

Shift Registers 


. . SN54194 


SN74194 


J. 


N 


W 


9-104 


4-Bit Parallel-In, Parallel-Out Shift Register 

(J-K Inputs to First Stage) 


. . SN54195 


SN74195 


J 


N 


w 


9-108 



For outline drawings of all packages, see Section 1. 
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TTL MSI INDEX 



TTL 
MEDIUM SCALE INTEGRATION (MSI) 



FUNCTION 



OPERATING TEMPERATURE 

RANGE 
-55° C to 1 25° C 0° C to 70° C 



PACKAGES 
Dual-ln- 
Line Flat 



SEC-PAGE 



8- BIT SHIFT REGISTE RS 

8-Bit Shift Registers 
8-Bit Shift Registers 
8-Bit Parallel-Out Shi 
8-Bit Parallel-Out Shi 
Parallel-Load 8-Bit SI 
Parallel-Load 8-Bit SI 
8-Bit Parallel-In, Para 

Shift Registers 
8-Bit Parallel-In, Para 

(J-K Inputs to 

C ODE CONVERTERS 

BCD-to-Binary Convi 
Binary-to-BCD Conv( 

DECODERS/DEMULTIPLEXERS 



8-Bit Shift Registers . . 


. . SN5491A 


SN7491A 


J 


N 


W 


9-112 


8-Bit Shift Registers (Low Power) 


. . SN54L91 


SN74L91 


J 


N 


T 


9-117 


8-Bit Parallel-Out Shift Registers 


. . SN54164 


SN74164 


J 


N 


W 


9-122 


8-Bit Parallel-Out Shift Registers (Low Power) . . . . 


. . SN54L164 


SN74L164 


J 


N 


T 


9-126 


Parallel-Load 8-Bit Shift Registers 


. . SN54165 


SN74165 


J 


N 


W 


9-130 


Parallel-Load 8-Bit Shift Registers 


. . Sl\i54166 


SN74166 


J 


N 


W 


9-134 


8-Bit Parallel-In, Parallel-Out Bidirectional 

Shift Registers 


SN54198 


SIM 74 198 


J 


N 


W 


9-134 


8-Bit Parallel-In, Parallel-Out Shift Registers 

(J-K Inputs to First Stage) 


. . SN54199 


SN74199 


J 


N 


W 


9-134 



BCD-to-Binary Converters 


SN54184 


SN74184 


J 


N 


W 


9-142 


Binary-to-BCD Converters 


SN54185A 


SN74185A 


J 


N 


W 


9-142 



BCD-to-Decimal Decoders 


SIM 5442 


SN7442 




N 


W 


9-148 


BCD-to-Decimal Decoders (Low Power) 


SN54L42 


SN74L42 




N 




9-154 


Excess-3-to-Decimal Decoders 


SN5443 


SN7443 




N 


W 


9-148 


Excess-3-to-Decimal Decoders (Low Power) 


SN54L43 


SN74L43 




N 




9-154 


Excess-3-Gray-to-Decimal Decoders 


SN5444 


SN7444 




N 


W 


9-148 


Excess-3-GraY-to-Decimal Decoders (Low Power) .... 


SN54L44 


SN74L44 




N 


W 


9-154 


4-Llne-to-16-Line (1 of 16) Decoders/Demultiplexers . . . 


SN54154 


SN74154 




N 


W 


9-160 


Dual 2-Line-to-4-Line Decoders/Demultiplexers 


SN54155 


SN74155 




N 


W 


9-167 


Dual 2-Line-to-4-Line Decoders/Demultiplexers 

(with Open-Collector Output) 


SN54156 


SN74156 


J 


N 


W 


9-167 



D ECODERS/LAMP DRIVERS/BUFFERS 

BCD-to-Decimal Decoders/Drivers with 3( 
BCD-to-Decimal Decoders/Drivers with 1! 
BCD-to-Seven-Segment Decoders/Drivers 

30-V Output 

BCD-to-Seven-Segment Decoders/Drivers 

30-V Output (Low Power) . . . 
BCD-to-Seven-Segment Decoders/Drivers 

15 V Output 

BCD-to-Seven-Segment Decoders/Drivers 

15-V Output (Low Power) . . . 

BCD-to-Seven-Segment Decoders . . 
BCD-to-Seven-Segment Decoders (14-pin 
BCD-to-Decimal Decoder/Driver . . . 

For outline drawings of all packages, see Section 1. 

-SEE ORDERING INSTRUCTIONS PAGE 1-1- 



BCD-to-Decimal Decoders/Drivers with 30-V Output . . . 


SN5445 


SN7445 


J 


N 


W 


9-175 


BCD-to-Decimal Decoders/Drivers with 15-V Output . . . 


SN54145 


SN74145 


J 


N 


w 


9-175 


BCD-to-Seven-Segment Decoders/Drivers with 

30-V Output 


SN5446A 


SN7446A 


J 


N 


W 


9-181 


BCD-to-Seven-Segment Decoders/Drivers with 

30-V Output (Low Power) 


SN54L46 


SN74L46 


J 


N 




9-198 


BCD-to-Seven-Segment Decoders/Drivers with 

15 V Output 


SN5447A 


SN7447A 


J 


N 


W 


9-181 


BCD-to-Seven-Segment Decoders/Drivers with 

15-V Output (Low Power) 


SN54L47 


SN74L47 


J 


N 




9-198 


BCD-to-Seven-Segment Decoders 


SN5448 


SN7448 


J 


N 


W 


9-181 


BCD-to-Seven-Segment Decoders (14-pin Function) . . . 


SN5449 


SN7449 


J 


N 


W 


9-181 


BCD-to-Decimal Decoder/Driver 




SN74141 


J 


N 


\N 


9-208 
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HL MSI INDEX 



TTL 
MEDIUM SCALE INTEGRATION (MSI) 



FUNCTION 



OPERATING TEMPERATURE PACKAGES* 

RANGE Dual-ln- 

-55°Cto125°C 0°Cto70°C Line Flat 



SEC.-PAGE 



Quadruple Bistable Latches 


. . SN5475 


SN7475 


J 


N 


W 


9-213 


Quadruple Bistable Latches (14-pin Function) . . . . 


. . SN5477 


SN7477 






W 


9-213 


8-Bit Bistable Latches . . 


. . SN54100 


SN74100 


J 


N 


W 


9-213 



16-Bit Random-Access Memories (16W by IB) . . . . 


SN5481 


SN7481 


J 


N 


W 


9-221 


16-Bit Random-Access Memories with Gated 

Write Inputs (16W by IB) 


. . SN5484 


SN7484 


J 


N 


W 


9-221 


64-Bit Random-Access Memory {16W by 4B) . . . . ,. 




SN7489 


J 


N 


W 


9-230 


256-Bit Read-Only Memories (32W by 8B) 


. . SN5488A 


SN7488A 




N 




9-235 


1024-Bit Read-only Memories (256W by 4B) 


. . SN54187 


SN74187 


J 


N 


W 


9-244 


4-By-4 Register Files 


. . SN54170 


SN74170 


J 


N 


W 


9-248 



L ATCHES 

Quadrup 
Quadrup 
8-Bit Big 

M EMORIE 

16-Bit Ri 
16-Bit Ri 

Wr 

64-Bit Ri 
256-Bit F 
1024-Bit 
4-By-4 R 

A RITHMETIC ELEMENTS 

Gated Full Adders . . 
2-Bit Binary Full Adders 
4^Bit Binary Full Adders 
4-Bit Binary Full Adders ( 
4-Bit Magnitude Compara' 
4-Bit Magnitude Compare' 
Quadruple 2-lnput Exclus 
Quadruple 2-lnput Exclus 
4-Bit True/Complement Z 
8-Bit Odd/Even Parity Gei 
4-Bit Arithmetic Logic Ur 

Generators . . . 
Look-Ahead Carry Genera 
Dual Carry-Save Full Add( 

D ATA SELECTORS/MULT IPLEXERS 

16-Bit Data Selectors/Mul 
8-Bit Data Selectors/Mult 
8-Bit Data Selectors/Muiti 
Dual 4-Line-to-1-Line Pat 
Dual 4-Line-to-1-Line Dati 
( Low Power) . . 

LOGIC DIODE MATRICES 

Series TIDM1, TIDM2 Monolithic Diode Matrices 



Gated Full Adders . . . ... . . 


SN5480 


SN7480 


J 


N 


W 


9-255 




2-Bit Binary Full Adders . 


SN5482 


SN7482 


J 


N 


W 


9-264 




4-Bit Binary Full Adders 


SN5483 


SN7483 


J 


N 


w 


9-271 




4-Bit Binary Full Adders (Low-Power Schottky) .... 


SN54LS83 


SN74LS83 


J 


N 




9-279 




4-Bit Magnitude Comparators 


SN5485 


SN7485 


J 


N 


w 


9-286 




4-Bit Magnitude Comparators (Low Power) 


SN54L85 


SN74L85 


J 


N 




9-289 




Quadruple 2-lnput Exclusive-OR Gates 


SN5486 


SN7486 


J 


N 


w 


9-296 




Quadruple2-lnputExclusive-0R Gates (Low Power) . . 


SN54L86 


SN74L86 


J 


IM 


T 


9-300 




4-Bit True/Complement Zero-One Elements 


SN54H87 


SN54H87 


J 


N 


w 


9-304 




8-Bit Odd/Even Parity Generators/Checkers 


SIM54180 


SN74180 


J 


N 


w 


9-309 




4-Bit Arithmetic Logic Unit (ALU) and Function 

Generators 


SN54181 


SN74181 


J 


N 


w 


9-315 


H^H 


Look-Ahead Carry Generators (for ALU) 


SN54182 


SN74182 


J 


N 


w 


9-326 




Dual Carry-Save Full Adders 


SN54H183 


SN74H183 


J 


N 


w 


9-332 





16-Bit Data Selectors/Multiplexers . 


SN54150 


SN74150 


J 


N 


W 


9-339 


8-Bit Data Selectors/Multiplexers with Strobe 


SN54151 


SN74151 


J 


N 


W 


9-3"39 


8-Bit Data Selectors/Multiplexers 


SN54152 


SN74152 






W 


9-339 


Dual 4-Line-to-1-Line Data Selectors/Multiplexers . . . . 


SN54153 


SN74153 


J 


N 


W 


9-351 


Dual 4-Line-to-1-Line Data Selectors/Multiplexers 

( Low Power) 


SN54L153 


SN74L153 


J 


N 




9-358 



F,W 



9-365 



For outline drawings of all packages, see Section 1. 
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TTL 
MSI 



CIRCUIT TYPES SN5490, SN7490 
DECADE COUNTERS 



MSI TTL HIGH-SPEED DECADE COUNTERS 
for applications In 



Digital Computer Systems 



DataoHandling Systems 



logic 



• Control Systems 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



BCD COUNT SEQUENCE 
(See Note 1) 


COUNT 


OUTPUT 1 


D 


c 


B 


A 

















1 











1 


2 





' 


1 





3 








1 


1 


4 





1 








5 





1 





1 


6 





1 


1 


0' 


7 





1 


1 


1 


8 


1 











9 


1 








1 



TRUTH TABLES 

RESET/COUNT (See Note 2) 



RESET INPUTS 


OUTPUT 


Vl) 


"0(2) 


^(1) 


■^9(2) 


D C BA 


1 


1 





X 


00 


1 


1 


X 





00 


X 


X 


1 


1 


100 1 


X 





X 





COUNT 





X 





X 


COUNT 





X 


X 





COUNT 


X 








X 


COUNT 




,^p,, \m \2) ^^ "CC «9(1) ^(2) 



NC— No Internaf Connection 



NOTES: 1. Output A connected to input BD for BCD count. 

2. X indicates that either a logical 1 or a logical may 
be present. 

description and typical count configurations 



w 

FLAT PACKAGE (TOP VIEW) 



A NC A 13 GND B (1 

® ® ® ® ® © 




© ® ® ® ® ® ® 



"0(1) 0(21 



CO "9(1) "9(21 



positiv* logie: tae truth table 



These high-speed, monolithic decade counters consist 
of four dual-rank, master-slave flip-flops internally 
interconnected to provide a divide-by-two counter 
and a divide-by-five counter. Gated direct reset lines 
are provided to inhibit count inputs and return all 
outputs to zero or to a binary coded decimal (BCD) 
count of 9. As the output from flip-flop A is not 
internally connected to the succeieding stages, the 
count may be separated in three independent count 
modes: 

1. When used as a binary coded decimal decade counter, the BD input must be externally connected to the A 
output. The A input receives the incoming count, and a count sequence is obtained in accordance with the 
BCD count sequence truth table shown above. In addition to a conventional zero reset, inputs are provided 
to reset a BCD count for nine's complement decimal applications. 

2. If a symmetrical divide-by-ten count is desired for frequency synthesizers or other applications requiring 
division of a binary count by a power of ten, the D output must be externally connected to the A input. 
The input count is then applied at the BD input and a divide-by-ten square wave is obtained at output A. 

3. For operation as a divide-by-two counter and a divide-by-five counter, no external interconnections are 
required. Flip-flop A is used as a binary element for the divide-by-two function. The BD input is used to 
obtain binary divide-by -five operation at the B, C, and D outputs. In this mode, the two counters operate 
independently; however, all four flip-flops are reset simultaneously. 

These circuits are completely compatible with Series 54/74 TTL and DTL logic families. Average power dissipation 
is 160 mW. 
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CIRCUIT TYPES SN5490, SN7490 
DECADE COUNTERS 



absolute maximum ratings (over operating temperature range unless otherwise noted> 

Supply Voltage Vcc (See Note 3) 7 V 

Input Voltage,Vin (See Notes 3 and 4) 5.5 V 

Operating Free-Air Temperature Range: SN5490 Circuits — 55°Cto125°C 

SN7490 Circuits 0°Cto70°C 

Storage Temperature Range -65°Cto150°C 

NOTES: 3. These voltage values are with respect to network ground terminal. 

4. Input signals must be zero or positive with respect to networl< ground terminal. 



recommmided operating conditions 

Supply Voltage Vcc (See Note 3): SN5490 Circuits 

SN7490 Circuits 
Normalized Fan-Out From Each Output (See Note 5) 
Width of Input Count Pulse, tp(in) . . . . . . 

Width of Reset Pulse, tp(reset) 



MIN 


NOM 


MAX 


UNIT 


4.5 


5 


5.5 


V 




4.75 


5 


5.25 


V 




10 




50 


ns 


50 


ns 



NOTE 5. Fan-out from output A to input BD and to 10 additional Series 54/74 loads is permitted. 

electrical characteristics over recommended operating temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS^ 


MIN TYPt MAX 


UNIT 


Input voltage required to ensure 
'" logicall at any input terminal 


1 




2 


V 


Input voltage required to ensure 
'" ' logical at any input terminal 


2 




0.8 


V 


^out(l) Logicall output voltage 


2 


Vcc = MIN, l|oad = ^OOM 


2.4 


.V 


Vout(O) Logical output voltage 


1 


Vcc = MIN, "sink = 16 mA 


0.4 


V 


Logical 1 level input current 
'in(l) atRod), Ro(2), RgCD-or 
R9(2) 


3 


Vcc = MAX, Vjn = 2.4 V 


40 


//A 


Vcc = MAX, Vjn = 5.5 V 


1 


mA 


Logical 1 level input current 
''"<1' at input A 


3 


Vcc = MAX, Vjn = 2.4 V 


80 


*iA 


Vcc = MAX, Vjn = 5.5 V 


1 


mA 


Logical 1 level input current 
''"<1' at input BD 


3 


Vcc = IVIAX, Vjn = 2.4 V 


160 


mA 


Vcc = MAX, Vjn = 5.5 V 


1 


mA 


Logical level input current 
lin(O) atRod), Ro(2), R9(1),or 
R9(2) 


4 


Vcc = MAX, Vjn = 0.4 V 


-1.6 


mA 


Logical level input current 
''"<0' at input A 


4 


Vcc = MAX, Vjn = 0.4 V 


-3.2 


mA 


Logical level input current 
''"<0' at input BD 


4 


Vcc = MAX, Vjn = 0.4 V 


-6.4 


mA 


' OS Short-circu it output cu rrent § 


5 


Vcc = MAX 


SN5490 


-20 -57 


mA 


SN74g0 


-18 -57 


mA 


'CC Supply current 


3 


Vj,^ = MAX 


SN5490 


32 46 


mA 


SN7490 


32 53 


mA 



' For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the particular 

circuit type, 
t All typical values are at Vcc = 5 V, T^ = 25°C 
S Not more than one output should be shorted at a time. 
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CIRCUIT TYPES SN5490, SN7490 
DECADE COUNTERS 



switching characteristics, Wqq = 5 V, T a = 25°C, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


*max Maximum frequency of input count pulses 




Cl=15pF, RL = 400n 


10 18 


MHz 


Propagation delay time to logical 1 level 
^ from input count pulse to output C 


6 


Cl=15pF, RL = 400n 


60 100 


ns 


Propagation delay time to logical level 
*^ from input count pulse to output C 


6 


CL = 15pF, RL = 400n 


60 100 


ns 



schematic 



GND A OUTPUT 

® ® 



BD INPUT B OUTPUT 
® 



C OUTPUT 
® 



OUTPUT 




Component values shown are nominal. 
Resistor values are in ohms. 
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CIRCUIT TYPES SN5490, SN7490 
DECADE COUNTERS 



d-c test circuits^ 



PA iAMETER MEASUREMENT INFORMATION 



TEST 

PER 

TRUTH 

TABLE 




A 

R„ C 




out(O) /^N 

r II 



1. Each output is tested in the logical state. 
FIGURE 1 



TEST 
PER 

TRUT 

TABLE 







out(l) 



1? 



in(l) 



SEE 
NOTES 






11 



1. Each input is tested separately. 

2. When testing Rgd) or Rg(i), ground Ro(2) °'' 
R9(2), respectively, and vice versa. 

3. When testing Iqq reset all outputs to logical 0, 
ground all inputs, then measure Ice- 

FIGURE 3 



1. Each output is tested in the logical 1 state. 
FIGURE 2 



'in(O) 



SEE 
NOTES 






A 

R C 



S OPEN 



Each input is tested separately. 

When testing Rod) or Rgd), apply 4.5 V to Ro(2) 

or R9(2), respectively, and vice versa. 

FIGURE 4 




1. Each output is tested in the logical 1 state. 
FIGURES 



t Arrows indicate actuol direction of current flow. 
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CIRCUIT TYPES SN5490, SN7490 
DECADE COUNTERS 



switching characteristics PARAMETER MEASUREMENT INFORMATION 
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vcc 



-F 



OUTPUT 
Q 



PULSE 

GENERATOR 

(See Note 1) 




OUTPUT©- 



U 



l_ 



<-T* 



LOAD CIRCUIT 1 



LOAD CIRCUIT 2 
(Same As 1) 



LOAD CIRCUIT 3 
(Same As 1 ) 



r 



LOAD CIRCUIT 4 
(Same As 1) 



TEST CIRCUIT 



I I ! 

2 



INPUT A 



OUTPUT C 



1.5 V, 
pdOl 



OUTPUT D(REF) 



_^|f ,, l4_ —••I DC 

I L t i / 



__^_ J 



_J 



i 

n 
I 



V. 




1.5V T 



n(1) 



in{0) 



ouKO 






out(O) 



VOLTAGE WAVEFORMS 

NOTES: 1. The pulse generator has the followlna characteristics: Vgen = 3 V, tQ - ti < 15 ns, tp = 0.5 Ms, PRR - 1 MHz, Zout* 50 n. 

2. All diodes are 1 N3064 . 

3. C|_ includes probe and jig capacitance. 

tpdO + ^pdl 

4. tpd - 2 

5. Voltage values are with respect to ground terminal. 



FIGURE 6-SWITCHING TIMES 
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LOW-POWER 
TTL MSI 



CIRCUIT TYPES SN54L90, SN74L90 
DECADE COUNTERS 



for applications in 

• Digital Computer Systems 

• Data-Handling Systems 

• Control Systems 



J OR N DUAL-IN-LINE OR 
T FLAT PACKAGE (TOP VIEW) + 



logic 



TRUTH TABLES 



BCD COUNT SEQUENCE 
(See Note A) 



BIQUINARY (5-2) 
(See Note B) 



COUNT 


OUTPUT 

Qd Qc Qb Qa 





L L L L 


1 


L L L H 


2 


L L H L 


3 


L L H H 


4 


L H L L 


5 


L H L H 


6 


L H H L 


7 


L H H H 


8 


H L L L 


9 


H L L H 



COUNT 


OUTPUT 

Qa Qd Qc Qb 





L L L L 


1 


L L L H 


2 


L L H L 


3 


L L H H 


4 


L H L L 


5 


H L L L 


6 


H L L H 


7 


H L H L 


8 


H L H H 


9 


H H L L 



A Nc Qa Qo CD Qb Qc 



B0!11 "0(21 



n9(2) 



iiJiiiiiiiiiiiJiiiiir 



positive logic: See truth tables 



NC— No internal connection 

I^Pin assignments for these circuits are the same for all 
packages. 

RESET/COUNT FUNCTION TABLE 



RESET INPUTS 


OUTPUT 


Rod) R0(2) 


R9(1) 


R9(2) 


D C B A 


H H 


L 


X 


L L L L 


H H 


X 


L 


L L L L 


X X 


H 


H 


H L L H 


X L 


X 


L 


COUNT 


L X 


L 


X 


COUNT 


L X 


X 


L 


COUNT 


X L 


L 


X 


COUNT 



NOTES; A. Output Q^a^ is connected to input BD for BCD count. 

B. Output Qp is connected to input A for bi-quinary 
count. 

C. H = high level, L = low level, X = irrelevant 

description and typical count configurations 

These low-power monolithic decade counters consist of four dual-rank, master-slave flip-flops internally interconnected 
to provide a divide-by-two counter and a divide-by-five counter. Gated direct reset lines are provided to inhibit count 
inputs and return all outputs to zero or to a binary-coded-decimai (BCD) count of 9. As the output from flip-flop A is 
not internally connected to the succeeding stages, the counter may be operated in any one of three independent count 
modes: 

1 . When used as a binary-coded-decimal decade counter, the BD input must be externally connected to the 
Qa output. The A input receives the incoming count, and a count sequence is obtained in accordance 
with the BCD count sequence truth table shown above. In addition to a conventional zero reset, inputs 
are provided to reset a BCD count for nine's complement decimal applications. 

2. If a symmetrical divjde-by-ten count is desired for frequency synthesizers or other applications requiring 
division of a binary count by a power of ten, the Qq output must be externally connected to the 
A input. The input count is then applied at the BD input and a divide-by-ten square wave is obtained at 
output Qa in accordance with the bi-quinary truth table above. 

3. For operation as a divide-by-two counter and a divide-by-five counter, no external interconnections are 
required. Flip-flop A is used as a binary element for the divide-by-two function. The BD input is used to 
obtain binary divide-by-five operation at the Qb, Qc. and Qq outputs. In this mode, the two counters 
operate independently; however, all four flip-flops are reset simultaneously. 

These circuits are compatible with most TTL and DTL logic families. Power dissipation is typically 20 mW. The 
SN54L90 is characterized for operation over the full military temperature range of — 55°C to 125 C; the SN74L90 is 
characterized for operation from 0°C to 90°C. 
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CIRCUIT TYPES SN54L90, SN74L90 
DECADE COUNTERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage,Vcc (see Note 1) 8V 

Input voltage (see Notes 1 and 2) 5.5 V 

Operating free-air temperature range: SN54L90 Circuits — 55°Cto125°C 

SN74L90 Circuits 0°Cto70°C 

Storage temperature range — 65°Cto 150°C 



NOTES: 1. Voltage values are with respect to network ground terminal. 

2. Input voltages nnust be zero or positive with respect to network ground terminal. 



recommended operating conditions 





SN54L90 


SN74L90 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vqq 


4.5 5 5.5 


4.75 5 5.25 


V 


Input count frequency, fcount 








MHz 


Normalizeci fan-out from each output. 


N {see Note 3) 


10 


10 




Width of input count pulse, %(count) 


(see Figures) 


200 


200 


ns 


Width of reset pulse, tj^{,-eset> 


200 


200 


ns 


Operating free-air temperature, T/^ 


-55 25 1 25 


25 70 


°C 



NOTE 3: Fan-out capability from output Q^ to input BD and ten additional TTL loads is guaranteed. 

electrical characteristics over recommended operating free-air temperature range 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS^ 


MIN MAX 


UNIT 


V|(-) HIgh-levelinput voltage 


1 and 2 




2 


V 


V|L Low-level input voltage 




0.7 


V 


VoH High-level output voltage 


2 


Vcc = MIN, Ioh = -100aiA, 
V|H = 2V, V|L = 0.7V 


2.4 


V 


Vql Low-level output voltage 


1 


Vcc = MIN, loL = 2mA, 
V|H = 2V, V|L = 0.7V 


0.3 


V 


Input current at 
i| 

maximum input voltage 


Any reset input 


3 


Vcc = MAX, V| = 5.5V 


100 


mA 


A input 


300 


BD input 


600 


High-level input 

1|H 

current 


Any reset Input 


3 


Vcc = i^AX, V| = 2.4 V 


10 


HA 


A input 


30 


BD Input 


60 


Low-level input 
current 


Any reset input 


4 


Vcc = MAX, V| = 0.3 V 


-0.18 


mA 


A input 


-0.54 


BD Input 


-1.08 


'OS Short-circuit output current§ 


5 


Vcc = MAX 


-3 -15 


mA 


'cc Supply current 


3 


Vcc = MAX 


7.2 


mA 



^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable circuit 
type. 

*Not more than one output should be shorted at a time. 

switching characteristics, Vcc = 5 V, Ta = 25°C, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


fmax Maximum input count frequency 






3 


MHz 


Propagation delay time, low-to-hlgh-level 
tPLH 

output, from Input A 


6 


CL = 50pF, R|_ = 4kn 


340 


ns 


Propagation delay time, high-to-low-level 

tpHL 

output, from input A 


6 


340 


ns 



See mechanical data and ordering instructions starting on page 1-1 of TTL Integrated Circuits Catalog (CC201) or page S1-1 of TTL Catalog 
Supplement (CC301). 
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CIRCUIT TYPES SN54L90, SN74L90 
DECADE COUNTERS 



schematic and functional block diagram 




7^ 



^o- 



a O- 



C&r^' 



*— r 



O:; 



o 



c cc cc EC a. 
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CIRCUIT TYPES SN54L90, SN74L90 
DECADE COUNTERS 



d-c test circuits''' 



PARAMETER MEASUREMENT INFORMATION 



TEST 

PER 

TRUTH 

TABLE 






I ± 



FIGURE 1-V|H, ViL. Vol 



TEST 

PER 

TRUTH 

TABLE 






CC 



T 



VOH I 
I 1 

I T 



FIGURE 2-V|H, Vm. Vqh 




U 






T 



} 



NOTES: A. Each input is tested separately. 

B. When testing Ro(l) o"" ^9(1). Oround Ro(2) °'' '^9(2) 
respectively and vice versa. 

C. When testing \qc, reset all outputs to low level, then 
ground all inputs and measure \cc- 



FIGURE 3-l|, l|H, Ice 



NOTES: A. Each input is tested separately. 

B. When testing Ro(-|) or R9(i), apply 4.5 V to Ro(2) °'' 
R9(2) respectively and vice versa. 



FIGURE 4-l|L, 





BO 

A Qa - 

Qc - 




:: y 


— — o 


:; y 


1 


9 



TEST 

PER 

TRUTH 

TABLE 



Each output is tested at the high level. 
FIGURE 5-loS 
'^ Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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CIRCUIT TYPES SN54L90, SN74L90 
DECADE COUNTERS 



PARAMETER MEASUREMENT INFORMATION 



switching characteristics 



INPUT A 
Q 



PULSE 
GENERATOR 
(Sm Note A) 



OUTPUTS 



OUTPUT Qc 




OUTPUT Od (REF) 



VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: t,^ = 1 lis, PRR = 500 kHz, Z^ut * ^0 fi. 

B. All diodes are 1 N3064. 

C. C|_ includes probe and jig capacitance. 



HGURE 6-SWITCHING TIMES 
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TTL 
MSI 



CIRCUIT TYPES SN5492,SN7492 

DIVIDE-BY-TWELVE COUNTERS 

(DIVIDE-BY-TWO AND DIVIDE-BY-SIX) 



MSI TTL HIGH-SPEED COUNTERS 



logic 



Digital Computer Systems 



TRUTH TABLE (See Notes 1, 2, and 3) 



COUNT 


OUTPUT 1 


D 


c 


B 


A 

















1 











1 


2 








1 





3 








1 


1 


4 





1 








5 





1 





1 


6 













7 










1 


8 







1 





9 







1 


1 


10 




1 








11 




1 





1 



for applications in 
• Data-Handling Systems 

w 

FLAT PACKAGE (TOP VIEW) 



• Control Systems 



JOR N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



INPUT A NC A OUTPUTS B GND C OUTPUTS D 
® ® ® ® ® ® ® 

U|cP _ [CCP _ rflCP _ kCP 

A K 8 K C K D 



i' I I I I I 



&) ® ® ® ® ® ® 

KJDIIT Kir Mi- Kjr V E> Diy/«i 

'iA' '-^ '^- '^- ^cv. "U{\i "uv/; 



jaM^SMiiiiu 




iiiiiMiiJiiiiirLir 



positive logic: see truth table 



NC— No Internal Connection 



description 



1. Output A connected to input B 

2. To reset all outputs to logical both 
Rod)*'"'^ Ro{2) inputs must be at 
logical 1. 

3. Either (or both) reset Inputs Rod) 

and flo(2) nnust be at a logical to count. 



These high-speed, monolithic 4-bit binary counters consist of four master slave flip-flops which are internally inter- 
connected to provide a divide-by-two counter and a divide-by-six counter. A gated direct reset line is provided which 
inhibits the count inputs and simultaneously returns the four flip-flop outputs to a logical 0. As the output from 
flip-flop A is not internally connected to the succeeding flip-flops, the counter may be operated in two independent 
modes: 

1, When used as a divide-by-twelve counter, output A must be externally connected to input BC, The input 
count pulses are applied to input A. Simultaneous divisions of 2, 6, and 12 are performed at the A, C, and 
D outputs as shown in the truth table above. 

2. When used as a divide-by-six counter, the input count pulses are applied to input BC. Simultaneously, 
frequency divisions of 3 and 6 are available at the C and D outputs. Independent use of flip-flop A is 
available if the reset function coincides with reset of the divide-by-six counter. 

These circuits are completely compatible with Series 54/74 TTL and DTL logic families. Average power dissipation 
is 155 mW. 

absolute maximum ratings (over operating temperature range unless otherwise noted) 

Supply Voltage Vqc (See Note 4) 7 V 

Input Voltage Vjn (See Notes 4 and 5) 5.5 V 

Operating Free-Air Temperature Range: SN5492 Circuits -55°Cto125°C 

SN7492 Circuits 0°C to 70°C 

Storage Temperature Range -65°Cto150°C 

NOTES: 4. These voltage values are with respect to networic ground terminal. 

5. Input signals must be zero or positive with respect to network ground terminal. 
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CIRCUIT TYPES SN5492,SN7492 

DIVIDE-BY-TWELVE COUNTERS 

(DtVIDE-BY-TWO AND DIVIDE-BY-SIX) 



recommended operating conditions 

Supply Voltage Vcc (See Note 4): SN5492 Circuits 

SN7492 Circuits 

Normalized Fan-Out From Each Output (See Note 6) 

Width of Input Count Pulse, tp(in) 

Width of Reset Pulse, tp(reset) 

NOTE: 6. Fan-out from output A to input BC and to 10 additional Series 54/74 loads is permitted. 

electrical characteristics over recommended operating temperature range (unless otherwise noted) 



MIN 


NOM 


MAX 


UNIT 


4.5 


5 


5.5 


V 


4.75 


5 


5.25 


V 


10 




50 


ns 


50 


ns 



PARAIVIETER 


TEST 
FIGURE 


TEST CONDITIONSt 


MIN TYPt MAX 


UNIT 


Input Voltage required to 
Vin(1) ensure logical 1 at any 
input terminal 


1 




2 


V 


Input voltage required to 
V-,n{o) ensure logical at any 
input terminal 


2 




0.8 


V 


Voutd) Logical 1 output voltage 


2 


Vcc = MIN, lioad = -400iLiA 


2.4 


V 


Vout(O) Logical output voltage 


1 


Vcc = MIN. "sink = 16 mA 


0.4 


V 


Logical 1 level input current 
'"*■" at Rod) or R 0(2) '"puts 


3 


Vcc - MAX, Vin = 2.4 V 


40 


fiA 


Vcc = MAX, Vjn = 5.5 V 


1 


mA 


Logical 1 level input current 
'"<1' at input A 


3 


Vcc = MAX, Vin = 2.4 V 


80 


mA 


Vcc = MAX, Vjn = 5.5 V 


1 


mA 


Logical 1 level input current 
'"'■" at input BC 


3 


Vcc = MAX, Vjn = 2.4 V 


160 


ftA 


Vcc - MAX, Vin = 5.5 V 


1 


mA 


Logical level input current 
'"'0' at Rod) or Ro(2) inputs 


4 


Vcc = MAX, Vin = 0-4 V 


-1.6 


mA 


Logical level input current 
''"'0> input A 


4 


Vcc = MAX, Vin = 0.4 V 


-3.2 


mA 


Logical level input current 
'"<0' at input BC 


4 


Vcc = MAX, Vin = 0.4 V 


-6.4 


mA 


Short-circuit output 
*^ current § 


5 


Vcc = MAX, Vout = 


SN5492 


-20 -57 


mA 


SN7492 


-18 -57 


mA 


Ice Supply current 


3 


Vcc = MAX, Vjn = 4.5 V 


SN5492 


31 44 


mA 


SN7492 


31 51 


mA 



+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the particular 

circuit type, 
f All typical values are at Vqc = 5 V, T^ = 25''C. 
§ Not more than one output should be shorted at a time. 



switching characteristics, Vqq = 5 V, T^ = 25° C, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Maximum frequency of 
"^^^ input count pulses 




Cl = 15pF, R|_ = 400n 


10 18 


MHz 


Propagation delay time to 
tpdl logical 1 level from input 
count pulse to output D 


6 


CL = 15pF, RL = 400n 


60 100 


ns 


Propagation delay time to 
tpdO logical level from input 
count pulse to output D 


6 


Cl=15pF,- Ri. = 400n 


60 100 


ns 
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CIRCUIT TYPES SN5492,SN7492 
DIVIDE-BY-TWELVE COUNTERS 
(DIVIDE-BY-TWO AND DIVIDE-BY-SIX) 



schematic 



iCr— 



J wv 
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CIRCUIT TYPES SN5492,SN7492 

DIVIDE-BY-TWELVE COUNTERS 

(DIVIDE-BY-TWO AND DIVIDE-BY-SIX) 



d-c test circuits''' 



PARAMETER MEASUREMENT INFORMATION 



vcc 




1 . Each output is tested in the logical state. 
FIGURE 1 



linO) 



to 






BC A 

B 
A 

C 

Ro D 



> OPEN 



1 . Each input is tested separately. 

2. When testing 1^(1} ground Ro(2)- 

3. When testing Ro<^ ground ^(\). 

4. When teeing \qq reset all outputs to logical 0, ground 
all inputs, then measure I^C- 

FIGURES 



V:„ O- 




1 . Each output is tested in the logical 1 state. 
FIGURE 2 



Vcc 



lin(0) 



Vin(0)' 



-1 


BC A 




h> 


C 

Ro "^ 





>OPEN 



1. Each input is tested separately. 

2. When testing l?o{l) <Tply 4.5 V to Ro(2). 

3. When testing Ro(2) apply 4.5 V to Ro(l)- 



FIGURE 4 




1 . Each output Is tested in the logical 1 state. 
FIGURES 



tArrows indicate actual direction of current flow 
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CIRCUIT TYPES SN5492,SN7492 
DIYIDE-BY-TWELYE COUNTERS 
(DIYIDE-BYJWO AND DIYIDE-BY-SIX) 



switching characteristics PARAMETER MEASUREMENT INFORMATION 



vcc 



PULSE 
GENERATOR 
(See Note 1) 



T 



fO-f^o 



-F- 



vcc 

Q 



BC 



T 



l_ 



W W ► 



LOAD CIRCUIT 1 



OUTPUTO- 



LOAD CIRCUIT 2 
(Same As 1 ) 



l_ 



LOAD CIRCUIT 3 
(Same As 1 ) 



_J 



LOAD CIRCUIT 4 
(Same As 1 ) 



TEST CIRCUIT 



INPUT A 



OUTPUT D 




out(0) 



VOLTAGE WAVEFORMS 



NOTES: 1. The pulse generator has the following characteristics: ^gen = 3 V, tQ = t-] ^ 15 ns, tp = 0.5 fis, PRR = 1 MHz, Zout * 50 CI. 

2. All diodes are 1 N3064. 

3. C|_ includes probe and jig capacitance. 

<pdO * tpdl ''%■': 

4. tpd = 2 

5. Voltage values are with raspect to ground terminal. 



FIGURE 6-SWITCHING TIIVIES 
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TTL 
MSI 



CIRCUIT TYPES SN5493, SN7493 
4-BIT BINARY COUNTERS 



MSI TTL HIGH-SPEED RIPPLE-THROUGH COUNTERS 



• Digital Computer Systems 



logic 



TRUTH TABLE (See Notes 1, 2, and 3) 



for applications in 

Data-Handling Systems 

w 

FLAT PACKAGE (TOP VIEW) 



COUNT 


OUTPUT 


D 


c 


B 


A 

















1 











1 


2 


i 


1 





3 








1 


1 


4 





1 








5 





1 





I 


6 





1 


1 i 1 


7 





1 


' i ' 1 


8 




j 1 


9 







' 1 


10 







1 1 


11 







1 1 


12 




1 


' 


13 1 1 1 , 1 : 


14 11:10: 


15 1 I 1 , 1 1 1 i 



• Control Systems 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



(u) ® ® ® ® © 




© © © ® © © 

K,0,,T. Rn„< Rn„, nC v^^ nc nc 



INPUTS 0(1) 0(2) 



^^I^iMMj^lfriJii 



J B-» J C 
CP ^CP 




iifujuiiiiiuiuiir 



positive logic: see truth table 



NC— No Internal Connection 



NOTES: 1. Output A connected to input B 

2. To reset all outputs to logical both 
^0(1)""^ '^0(2) inputs must be at 
logical 1. 

3. Either (or both) reset inputs Ro(i ) 

and Ro(2) must be at a logical to count. 



description 

These high-speed, monolithic 4-bit binary counters consist of four master-slave flip-flops which are internally intercon- 
nected to provide a divide-by-two counter and a divide-by-eight counter. A gated direct reset line is provided which 
inhibits the count inputs and simultaneously returns the four flip-flop outputs to a logical 0. As the output from flip- 
flop A is not internally connected to the succeeding flip-flops the counter may be operated in two independent modes: 

1. When used as a 4-bit ripple-through counter, output A must be externally connected to input B. The input 
count pulses are applied to input A. Simultaneous divisions of 2, 4, 8, and 16 are performed at the A, B, 
C, and D outputs as shown in the truth table above. 

2. When used as a 3-bit ripple-through counter, the input count pulses are applied to input B. Simultaneous 
frequency divisions of 2, 4, and 8 are available at the B, C, and D outputs. Independent use of flip-flop A is 
available if the reset function coincides with reset of the 3-bit ripple-through counter. 

These circuits are completely compatible with Series 54/74 TTL and DTL logic families. Average power dissipation is 
40 mW per flip-flop (160 mW total). 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply Voltage Vqc (See Note 4) 7 V 

Input Voltage.Vjn (See Notes 4 and 5) 5.5 V 

Operating Free-Air Temperature Range: SN5493 Circuits . . -55°Cto125°C 

SN7493 Circuits 0°C to 70°C 

Storage Temperature Range — 65°Cto150°C 

NOTES: 4. These voltage values are with respect to network ground terminal. 

5. Input signals must be zero or positive with respect to network ground terminal. 
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CIRCUIT TYPES SN5493/ SN7493 
4.BIT BINARY COUNTERS 



recommended operating conditions 



Supply Voltage Vcc (See Note 4): SN5493 Circuits 

SN7493 Circuits 
Normalized Fan-Out From Each Output (See Note 6) 

Width of Input Count Pulse, tp(in) 

Width of Reset Pulse, tp(reset) 



MIN 


NOM 


MAX 


UNIT 


4.5 


5 


5.5 


V 


4.75 


5 


5.25 


V 


10 




50 


ns 


50 


ns 



NOTE: 6. Fan-out from output A to input B and to 10 additional Series 54/74 loads Is permitted. 

electrical characteristics over recommended operating temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS^ 


MIN TYPt MAX 


UNIT 


Input voltage required to ensure 
'" logicall at any input terrrtlna! 


1 




2 


V 


Input voltage required to ensure 
'"' ' logical at any input terminal 


2 




0.8 


V 


Voutd) Logical 1 output voltage 


2 


Vcc = MIN, l|oad = -400MA 


2.4 


V 


Vout(O) LoS'ca' output voltage 


1 


Vcc = MIN, lsink=16mA 


0.4 


V 


Logical 1 level input current at 
'"*^' Rod) or Ro(2) inputs 


3 


Vcc = MAX, Vin = 2.4 V 


40 


mA 


Vcc = MAX, Vin = 5.5 V 


1 


mA 


Logical 1 level input current at 
'"'^' A or B inputs 


3 


Vcc = MAX, Vjn = 2.4 V 


80 


mA 


Vcc = MAX, Vjn = 5.5 V 


1 


mA 


Logical level input current at 
Rod) or Ro(2) inputs 


4 


Vcc = MAX, Vjn = 0.4 V 


-1.6 


mA 


Logical level jnput current at 
''"'°' A or B inputs 


4 


Vcc = MAX, Vjn = 0.4 V 


-3.2 


mA 


i OS Short-circu it output current § 


5 


Vcc = MAX, '^^=0 


SN5493 


-20 -57 


mA 


SN7493 


-18 -57 


mA 


■CC Supply current 


3 


Vcc =MAX,Vin = 4.5 V 


SN5493 


32 46 


mA 


SN7493 


32 53 


mA 



For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

circuit type, 
f All typical values are at V^c = B V, Tp^ = 25°C. 
§ Not more than one output should be shorted at a time. 



switching characteristics, Vqq = 5 V, Tj^ = 25° C, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


fmax 


Maximum frequency of 
input count pulses 




CL=15pF, RL = 400n 


10 


18 




MHz 


tpdl 


Propagation delay time to 
logical 1 level from input 
count pujse to output D 


6 


CL = 15pF, RL = 400n 




75 


135 


ns 


tpdO 


Propagation delay time to 
logical level from input 
count pulse to output D 


6 


Cl=15pF, RL = 400n 




75 


135 


ns 
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CIRCUIT TYPES SN5493, SN7493 
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schematic 
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« 



9-21 



CIRCUIT TYPES SN5493, SK7493 
4-BIT BINARY COUNTERS 



d-c test circuits"^ 



PARAMETER MEASUREMENT INFORMATION 



TEST 

PER 

Vi„ <y-i TRUTH 




TRUTH _n V 

_TABLEj;|^_Jt> 



1 . Each output is tested in the logical state, 
FIGURE 1 




1 . Each output is tested in the logical I state. 
FIGURE 2 



lin(l) 
Vin(l)0— 



L i]r> 






vcc 



Ro 



SOPEN 



Vin(0) 









<i 


lin<0) 






B A 

A 

C 




[ hy 


Ro t> 



.OPEN 



T 



1 . Each input it tMted taporately. 

2. Whan testing Ro(l) ground Ro(2). 

3. Whan tasting Ro(2) ground RoO). 

4. Whan tatting I^C o\\ inputs and outputs -ora opan. 

FIGURES 



1 . Each input it taitad saporotaiy. 

2. Whan tasting RqO} ^Y ^-^ ^ ^ 

3. Whan tasting Ro(2) opply 4.5 V to 

FIGURE 4 



Ro«- 




1 . Each output is tested in the logical 1 state. 
FIGURES 



■•^Arrows indicate actual direction of current flow. 
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CIRCUIT TYPES SN5493, SN7493 
4-BIT BINARY COUNTERS 



PARAMETER MEASUREMENT INFORMATION 



switching characteristics 



INPUT 
O 



vcc 

Q 



PULSE 
GENERATOR 
(See Note 1 ) 



T 



*o 



OUTPUT A 
Q 







'"■1 



<-tH- 



W W ► 



OUTPUTO- 
D 



- LOAD CIRCUIT 1 j | 

J LOAD CIRCUIT 2 j 
T (Same As 1) 

J LOAD CIRCUIT 3 } 

"} (Same As 1) } 

I 1 

J LOAD CIRCUIT 4 

"j (Same As 1) j 



TEST CIRCUIT 



INPUT A 



OUTPUT D 




VOLTAGE WAVEFORMS 

NOTES: t. The pulse generator has the following characteristics: Vgen = 3 V, t^ = t, < 15 ns, tp = 0.5 Ms, PRR = 1 MHz, Zout '^ 50 n. 

2. All diodes are 1 N3064 

3. C|_ includes probe and jig capacitance. 

4. tpd=*-B^^^^Ed1. 

5. Voltage values are with respect to ground terminal. 



FIGURE 6-SWITCHING TIMES 



PRINTED IN U.S.A. 

Tl cannot assume any responsibility for any circuits shown 

or represent that they are free from patent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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CIRCUIT TYPES SN54L93, SN74L93 
4-BIT BINARY COUNTERS 



A SERIES 54L/74L TTL LOW-POWER RIPPLE-THROUGH COUNTER 
FOR APPLICATIONS IN 

• Digital Computer Systems • Data-Handling Systems • Control Systems 



logic 



TRUTH TABLE (See Notes 1 and 2) 



COUNT 


OUTPUT 1 


D 


c 


B 


A 

















1 













2 








1 





3 








1 




4 





1 







5 





1 







6 





1 


1 




7 





1 


1 




8 













9 












10 







1 





11 







1 




12 




1 








13 




1 







14 




1 


1 





15 




1 


1 





1. Output A connected to input B. 

2. To reset all outputs to logical both Flo(i) 
and F^o(2)- Inputs must be at a logical 1. 

3. Either (or both) reset inputs Ro(i) and f^o(2) 
must be at a logical to count. 



description 



The SN54L93/SN74L93 are low-power TTL 
monolithic 4-bit binary counters consisting of four 
master-slave flip-flops which are internally 
interconnected to provide a divide-by-two counter 
and a divide-by-eight counter. A gated direct reset 
line is provided which inhibits the count inputs and 
simultaneously returns the four flip-flop outputs to a 
logical 0. As the output from flip-flop A is not 
internally connected to the succeeding flip-flops the 
counter may be operated in two independent modes: 



JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



INPUT OUTPUTS 
A I A 



OUTPUTS INPUT 



D ^ GND ^ 



n4"]ji?]jir^T[^ 



«.► 




^LlMlJ 



RCMD "0(21 NC Vcc NC NC NO 



positive logic: see truth table 



T FLAT PACKAGE (TOP VIEW) 



INPUT /— OUTPUTS-v /-OUTPUTS-, INPUT 

A ' A D » GND ' f B^ jB 

® (J) ® (j) ® © (t) 

I ■ * 



w 



Ht 



] 



M 



* 



^ 



T=F 



©©©©©©© 



"0(11 "0(21 



Vcc 



positive logic: see truth table 



NC— No Internal Connection 



1. When used as a 4-bit ripple-through counter, 
output A must be externally connected to 
input B. The input count pulses are applied to 
input A. Simultaneous divisions of 2, 4, 8, and 
16 are performed at the A, B, C, and D outputs 
as shown in the truth table above. 

2. When used as a 3-bit ripple-through counter, the input count pulses are applied to input B. Simultaneous 
frequency divisions of 2, 4, and 8 are available at the B, C, and D outputs. Independent use of flip-flop A is 
available if the reset function coincides with reset of the 3-bit ripple-through counter. 

The SN54L93/SN74L93 is completely compatible with TTL and DTL logic families. Average power dissipation is 
typically 16 mW. 
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CIRCUIT TYPES SN54L93, SN74L93 
4-BIT BINARY COUNTERS 



{rixolutB maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply Voltage Vcc (See Note 4) 8 V 

lnputVoltage,Vjn(SeeNotes4and5) ' . . . 5.5 V 

Operating Free Air Temperature Ranges: SN54L9i Circuits -55°Cto125°C 

SN74L93 Circuits 0°Cto70°C 

Storage Temperature Range -65°Cto1K)°C 

NOTES: 4. ThM* voltage valuMsr* with respect to network ground terminal. 

5. Input signals must be zero or positive with respect to networic ground terminal. 

recommended operating conditions 

Supply Voltage Vcc: SN54L93 Circuits 4.5 V to 5.5 V 

SN74L93 Circuits 4.75 V to 5.25 V 

Maximum Normalized Fan-Out From Each Output (See Note 6) 10 

Width of Input Count Piilse.tpCm) > 200 ns 

Width of Reset Pulse, tp(reset) > 200 ns 

note: 6. Fan-out from output A to Input B and to 10 additional Series 54L/74L loads is permitted. 



electrical characteristics over operating free-air temperature range (unless otherwise noted) 



parameter 


TEST 
FIGURE 


TEST CONDITIONSt 


MIN TYPt MAX 


UNIT 


Input voltage required to ensure logical 1 
^'"'^' of any input 


1 




2 


V 


input voltage required to ensure logical 
^'"<°' of any input 


2 




0.7 


V 


Vout(1) l-ogical 1 output voltage 


2 


Vcc = WIN. I|oad = -100MA 


2.4 


V 


Vout(O) Logical output voltage 


1 


Vcc = MIN, lsink = 2mA 


0.3 


V 


Logical 1 level input current at Ro(i) or Ro(2) 
'■'"<^> inputs 


3 


Vcc = MAX, Vin = 2.4V 


10 


*«A 


Vcc = MAX. Vjn = 5.5V 


100 


HA 


'ind) Logical 1 level input current at A or B inputs 


3 


Vcc = MAX, Vin = 2.4V 


20 


mA 


Vcc = MAX, Vin = 5.5V 


200 


mA 


Logical level input current at HQi^) or Ro(2) 


4 


Vcc = MAX. Vin = 0.3V 


-0.18 


mA 


lin(O) Logical level input current at A or B inputs 


4 


Vcc = MAX. Vjn = 0.3V 


-0.36 


mA 


IQS Short-circuit output current 


5 


Vcc = MAX, Vout = 


-3 -15 


mA 


'CC Supply current 


3 


Vcc = MAX 


3.2 6.6 


mA 



'* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

device type. 
t These typical values are at Vqq = 5 V, T^ *= 25°C. 



switching characteristics, \/qq = 5 V, T^ = 25°C, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


fmax Maximum frequency of input count pulses 




CL = 50pF, RL = 4kn 


3 


MHz 


Propagation delay time to logical 1 level from 
^ input count pulse to output D 


6 


Cl = 50 pF, Rl = 4 kn 


280 450 


ns 


Propagation delay time to logical level from 
^'**^ input count pulse to ouput D 


6 


Cl = 50pF, RL = 4kn 


280 450 


ns 
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CIRCUIT TYPES SN54L93, SN74L93 
4.BIT BINARY COUNTERS 



schematic 
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CIRCUIT TYPES SN54193, SN74L93 
4-BIT BINARY COUNTERS 



PARAMETER MEASUREMENT INFORMATION 



d-c test circuits'!' 



vcc 



VinO- 




1. Each output is tested in the logical state. 
FIGURE 1 



Vcc 



'in(l) 
Vin( DO- 




OPEN 



1. Each input is tested separately. 

2. When testing Ro(l) Sfound '^0(2)- 

3. When testing Ro(2) Qfound ''o(l)- 

4. When testing \q(^ all inputs and outputs are open. 

FIGURES 



VjnO- 




1. Each output is tested in the logical 1 state. 
FIGURE 2 



Vcc 



>in(0) 
Vin(0)O— 




OPEN 



1. Each Input is tested separately. 

2. When testing RqCD aPP'v ^-^ V to Ro(2)- 

3. When testing Ro(2) "PPlv *-5 V to Rod)- 

FIGURE 4 



Vcc 



VinO- 




1. Each output is tested in the logical 1 state. 
FIGURES 



^Arrows indicate actual direction of current flow. 
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PARAMETER MEASUREMENT INFORMATION 



switching characteristics 





IN 

C 


'UT 




ftVcC 


jp OUTPUT A Vcc 

1 RteAkn 


1 


















1 1Ngi6 ' 1Ngi6 1N916 








B - 
A 

C — 

RO D-j 


1 _ 1N916 
- ICu^ 50 pF ^ 30 pF 




PULSE 
GENERATOR 
(See Note 1) 




Fr> 


r 1 


1 


1 LOAD CIRCUIT 1 


1 




— 


jr LOAD CIRCUIT 2 
1 l?dM?J\§iL --«--. 


1 




~ 




1 
.-J 




OUTPUT 0-( 
D 

TESTC 


r rdA'B'SffiCuiTs 

^_ (SAME AS 1) 


1 








1 

1 

IRCUIT 


LOAD CIRCUIT 4 
'SAME AS_12 


1 






INPUT A 



16 



OUTPUT 




VOLTAGE WAVEFORMS 



NOTES: 1. The pulse generator has the following characteristics: tQ = t^ = IS ns, PRR < 500 l(Hz, tp > 200 ns, and Zgut ss SO n. 

2. Voltage values are with respect to networic ground terminal. 

3. C|_ includes probe and jig capacitance. 



FIGURE 6 - SWITCHING TIMES 
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CIRCUIT TYPES SN54196, SH54197, SN74196, SN74197 
50-MHz PRESETTABLE DECADE AND BINARY COUNTERS/LATCHES 



J OR N DUAL-IN-LINE OR 
W FLAT PACKAGE (TOP VIEW)* 



Performs BCD, Bi-Quinary, or Binary Counting 

Fully Programmable 

Fully Independent Clear Input 

Guaranteed to Count at Input Frequencies 
from to 50 MHz 

Input Clamping Diodes Simplify System Design 

Output Qa Will Drive Clock-2 Input Plus Ten 
Series 54/74 Loads 



















DATA INPUTS 




( 


:lock 


n 


VCC 


CLfcAK Qp 


'66 


Qb 1 1 






14 


13 


. 12 . 


. 11 . 


. 10 . 


. 9 . 


. 8 








I 
















CLEAR Qd D B Qb 




f 




COUNT/ CLOCK 
LOAD 1 


3- 












CLOCK 
Qc C A Qa 2 


























1 


" 2 " 


" 3 ' 


4 " 


5 " 


■ 6 " 


7 




COUNT/ Or \ C A , Oa CLOCK GND 

LOAD ^ •■••^ ^ 2 

DATA INPUTS 


asynchronous input: Low input to clear sets Q./^, 


Qq, Qq and Qq low. 









0>C0 

«>z 
o2 



335 
CO — * 



'Pin assignments for tfiese circuits are the same for all packages. 



description 



These high-speed monolithic counters consist of four d-c coupled, master-slave flip-flops which are internally 
interconnected to provide either a divide-by-two and a divide-by-five counter (SN54196, SN74196) or a divide-by-two 
and a divide-by-eight counter (SN541 97, SN741 97) . These four counters are fully programmable; that is, the outputs may 
be preset to any state by placing a low on the count/load input and entering the desired data at the data inputs. The 
outputs will change to agree with the data inputs independent of the state of the clocks. 

These counters may also be used as 4-bit latches by using the count/load input as the strobe and entering data at the 
data inputs. The outputs will directly follow the data inputs when the count/load is low, but will remain unchanged 
when the count/load is high and the clock inputs are inactive. 

These high-speed counters will accept count frequencies of to 50 megahertz at the clock-1 input and to 25 
megahertz at the clock-2 input. During the count operation, transfer of information to the ouputs occurs on the 
negative-going edge of the clock pulse. These counters feature a direct clear which, when taken low, sets all outputs low 
regardless of the states of the clocks. 

All inputs are diode-clamped to minimize transmission-line effects and simplify system design. These circuits are 
compatible with most TTL and DTL logic families. Typical power dissipation is 240 milliwatts. The SN54196 and 
SN54197 circuits are characterized for operation over the full military temperature range of -55°C to 125°C; the 
SN74197 and SN74197 circuits are characterized for operation from 0°C to 70°C. 
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CIRCUIT TYriS Sli54196, SN54197, SN74196, SN74197 

50-MHz rRESEtTAILE DECADE AND BINARY COUNTERS/LATCHES 



typical count configurations 

SN54196andSN74196 

The output of flip-flop A is not internally connected 
to the succeeding flip-flops; therefore, the count may 
be operated in three independent modes: 



SN54196, SN74196 
TRUTH TABLES 



DECADE (BCD) 
(See Note A) 



BIQUINARY (5-2) 
(See Note B) 



1. When used as a binary-coded-decimal decade 
counter, the clock-2 input must be externally 
connected to the Qa output. The clock-1 input 
receives the incoming count, and a count 
sequence is obtained in accordance with the 
BCD count sequence truth table shown at the 
right. 

2. If a symmetrical divide-by-ten count is desired 
for frequency synthesizers (or other appli- 
cations requiring division of a binary count by 
a power of ten), the Qq output must be 
externally connected to the clock-1 input. The 
input count is then applied at the clock-2 input 
and a divide-by-ten square wave is obtained at 
output Qa in accordance with the bi-quinary 
truth table above. 

3. For operation as a divide-by-two counter and a divide-by -five counter, no external interconnections are required. 
Flip-flop A is used as a binary element for the divide-by-two function. The clock-2 input is used to obtain binary 
divide-by-five operation at the Qb, Qc. and Qq outputs. In this mode, the two counters operate independently; 
however, all four flip-flops are loaded and cleared simultaneously. 



COUNT 


OUTPUT 

Qd Qc Qb Qa 





L L L L 


1 


L L L H 


2 


L L H L 


3 


L L H H 


4 


LULL 


5 


L H L H 


6 


L H H L 


7 


L H H H 


8 


H L L L 


9 


H L L H 



COUNT 


OUTPUT 

Qa Qd Qc Qb 





L L L L 


1 


L L L H 


2 


L L H L 


3 


L L H H 


4 


L H L L 


5 


H L L L 


6 


H L L H 


7 


H L H L 


8 


H L H H 


9 


H H L L 



A. Output Q;^ connected to clock-2 input. 

B. Output Qq connected to clock-1 input. 



SN54197andSN7419. 

The output of flip-flop A is not internally connected to the succeeding flip-flops, 
therefore the counter may be operated in two independent modes: 

1. When used as a high-speed 4-bit ripple-through counter, output Qa must be 
externally connected to the clock-2 input. The input count pulses are applied to 
the clock-1 input. Simultaneous divisions by 2, 4, 8, and 1 6 are performed at the 
Qa, QB' Qc, Qd output as shown in the truth table at right. 

2. When used as a 3-bit ripple-through counter, the input count pulses are applied 
to the clock-2 input. Simultaneous frequency divisions by 2, 4, and 8 are 
available at the Qb, Qq. and Qq outputs. Independent use of flip-flop A is 
available if the load and clear functions coincide with those of the 3-bit 
ripple-through counter. 



SN54197, SN74197 

TRUTH TABLE 

(See Note A) 



COUNT 


OUTPUT 

Qq Qc Qb 


Qa 





L L 


L 


L 


1 


L L 


L 


H 


2 


L L 


H 


L 


3 


L L 


H 


H 


4 


L H 


L 


L 


5 


L H 


L 


H 


6 


L H 


H 


L 


7 


L H 


H 


H 


8 


H L 


L 


L 


9 


H L 


L 


H 


10 


H L 


H 


L 


11 


H L 


H 


H 


12 


H H 


L 


L 


13 


H H 


L 


H 


14 


H H 


H 


L 


15 


H H 


H 


H 



NOTE A: Output Q/^ connected 
to clock-2 input. 
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CIRCUIT TYPES SN54196, SN54197, SN74196, SN74197 
50-MHz PRESETTABLE DECADE AND BINARY COUNTERS/LATCHES 



absolute maximum ratings (over operating free-air temperature range unless otherwise noted) 

Supply voltage, Vqc (see Note 1 ) 7 V 

Input voltage (see Note 1) 5.5 V 

Interemitter voltage (see Note 2) 55 y 

Operating free-air temperature range: SN54196,SN541 97 Circuits — 55°Cto125°C 

SN74196,SN74197 Circuits 0°Cto70°C 

Storage temperature range -65°Cto150°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 

2. This Is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies between the clear and 
count/load inputs. 



recommended operating conditions 







MIN 


NOM 


MAX 


UNIT 


Supply voltage, Vcc 


SN54196.SN54197 


4.5 


5 


5.5 


V 


SN74196,SN74197 


4.75 


5 


5.25 


Normalized fan-out from each output, N 


High logic level 


20 




Low Ic^ic level 


io 


Count frequency (see Figure 1) 


Clock-1 input 







50 


MHz 


Clock-2 input 







25 


Pulse width, t,^ (see Figure 1) 


Clock-1 input 


10 


ns 


Clock-2 input 


20 


Clear 


15 


Load 


20 


Input hold time, thold (see Figure 1) 


High-level data 


tw(load) 


Low-level data 


tw(load) 


Input setup time, tjetup (see Figure 1) 


High-level data 


10 


ns 


Low-level data 


15 


Count enable time, tgnable (see Note 3 and Figure 1 ) 


20 


ns 


Clock mput pulse fall time, tf (see Figure 1 ) 


75 


ns 


Operating free-air temperature range, T^ 


SN54196,SN54197 


-55 


25 


125 


"C 


SN74196,SN74197 





25 


70 



NOTE 3: Count enable time is the interval immediately preceding the negative-going edge of the clock pulse during which interval the 
count/load and clear inputs must be both high to ensure counting. 
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CIRCUIT TYPES SN54196, SN54197, SN74196, SN74197 

50-MHi PRESETTABLE DECADE AND BINARY COUNTERS/LATCHES 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 





1 




.... 1 


SN54196,SIM74196 


SN54197, SN74197 


UNIT 


PARAMETER 




MIN TYP* MAX 


MIN TYP* MAX 


V|H High-level input voltage 




2 


2 


V 


VjL Low-level input voltage 




0.8 


0.8 


V 


V 1 1 nput clamp voltage 


Vcc = MAX, l| = -12mA 


-1.5 


-1.5 


V 


Vqh High-level output voltage 


Vcc = M"^. V|H = 2V, 
V|L = 0.8V, loH = -800 mA 


2.4 


2.4 


V 


Vol Low-level output voltage 


Vcc = MIN, V|H = 2V. 
V|L = 0.8V, loL = 16mAf 


0.4 


0.4 


V 


t| Input current at maximum input voltage 


Vcc = MAX, V| = 5.5V 


1 


1 


mA 


l|H High-level input current 


data, count/load 


Vcc = MAX, V| = 2.4V 


40 


40 


mA 


clear, clock 1 


80 


80 


clock 2 


120 


80 


l|L Low-level input current 


data, count/load 


Vcc = MAX, V|=0.4V 


-1.6 


-1.6 


mA 


clear 


-3.2 


-3.2 


clock 1 


-4.8 


-4.8 


clock 2 


-6.4 


-3.2 


Iqs Short-circuit output current! 


Vcc = MAX 


SN54196,SN54197 


-20 -57 


-20 -57 


mA 


SN74196,SN74197 


-18 -57 


-18 -57 


Ice Supply current 


Vcc = MAX, See Note 4 


48 59 


48 59 


mA 



NOTE 4: Iqc '^ measured with all inputs grounded and all outputs open. 

tppr conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
t All typical values are at Vqc = 6 V, T^ = 25 C. 
f Qa outputs are tested at Iql = 16 mA plus the limit value of Ijl for the clock-2 input. This permits driving the clock-2 input while fanning 

out to 1 Series 54/74 loads. 
§ Not more than one output should be shorted at a time. 

switching characteristics, Vcc = 5 V, Rl = 400 n , Cl = 15 pF, Ta = 25°C, N = 10, see figure 1 



parametero 


FROM (INPUT) 


TO (OUTPUT) 


SN54196, SN74196 


SN54197,SN74197 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


^max 






50 70 


50 70 


MHz 


tPLH 


Clock 1 


Qa 


7 12 


7 12 


ns 


10 15 


10 15 


tPHL 


tPLH 


Clock 2 


Qb 


12 18 


12 18 


ns 


14 21 


14 21 


tPHL 


tPLH 


Clock 2 


Qc 


24 36 


24 36 


ns 


tPHL 


28 42 


28 42 


tPLH 


Clock 2 


Qd 


14 21 


36 54 


ns 


tPHL 


12 18 


42 63 


tPLH 


A, B, C, D 


Qa, Qb. Qc. ^0 


16 24 


16 24 


ns 


25 38 


25 38 


tPHL 


tPLH 


Load 


Any 


22 33 


22 33 


ns 


24 36 


24 36 


tPHL 


tPHL 


Clear 


Any 


25 37 


25 37 


ns 



^max '^ maximum input count frequency 
tpLH 's propagation delay time, low-to-high-level output 
tpHL 'S propagation delay time, high-to-low-level output 
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CIRCUIT TYPES SN54196, SN54197, SN74196, SN74197 
50-MHz PRESETTABLE DECADE AND BINARY COUNTERS/LATCHES 

functional block diagrams 




o 

Z 
w 

(O 

a 

T- 
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z 
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CIRCUIT TYPES SN541P6, SN54197, SN74196, SH74197 

50-MHz PRESETTABLl DECADE AND BINARY COUNTERS/LATCHES 



PARAMETER MEASUREMENT INFORMATION 
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CIRCUIT nPES SN7497, SN74167 
SYNCHRONOUS RATE MULTIPLIERS 



SN7497 . . . 6-BIT BINARY MULTIPLIER 
SN74167 . . . DECADE MULTIPLIER 

[• Perform Fixed-Rate or Variable-Rate Frequency Division 

For Applications in Arithmetic, Radar, Digital-to-Analog 
(D/A), Analog-to-Digital (A/D), and other Conversion 
Operations 



SN7497 
J OR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW) + 



• Typical Maximum Clock Frequency 
description 



32 Megahertz 



These monolithic, fully synchronous, programmable counters utilize 
Series 54/74 TTL circuitry to achieve 32-megahertz typical maximum 
operating frequencies. The SN7497 is a six-bit serial binary counter; the 
SN74167 is a decade counter. These devices have buffered clock, clear, and 
enable inputs to control the operation of the counter, and a strobe input to 
enable or inhibit the rate input/decoding AND-OR-INVERT gates. The 
SN74167 also has a buffered set-to-nine input. The outputs have additional 
gating for cascading and transferring unity-count rates. 



j^imjtifiTjiitifiJfif^ 



m 



ITT 



TLJiiiiifiiJiiniJiifiir 



positive logic: See description 






oaZ 

O VI 






The counter is enabled when the clear, strobe, and enable inputs are low {for 
the decade counters, set-to-nine is also low). With the counter enabled the 
output frequency is equal to the input frequency multiplied by the rate 
input M and divided either by 64 (SN7497) or by 10 (SN74167), ie.: 

M-fin 



SN7497: fout 



64 



where: M = F-2^ + E-2'* + D*2^ + C-2^ + B-2^ + A* 2° 

M-fin 



SN74167: fout 



10 



where: M = D*2^ + C-2^ + B'2^ + A'2° for decimal zero through nine. 

When the rate input is binary (all rate inputs low), Z remains high. In order 
to cascade devices to perform 12-bit rate multiplication with the SN7497, or 
two-decade rate multiplication with the SN74167, the enable output is 
connected to the enable and strobe inputs of the next stage, the Z output of 
each stage is connected to the unity /cascade input of the other stage, and the 
sub-multiple frequency is taken from the Y output. 



SN74167 
J OR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW)^ 



I 1 Q Q Q. 



^liiifiiiiiiiiiiiiu^ 



positive logic: See description 



NC— No internal connection 

fPin assignments for these circuits are the 
same for all packages. 



The unity/cascade input, when connected to the clock input, may be utilized 

to pass the clock frequency (inverted) to the Y output when the rate 

input/decoding gates are inhibited by the strobe. The unity/cascade input may also be used as a control for the Y 

output. 

All of the inputs of these counters are diode-clamped, and each input, except the clock input, represents one 
normalized Series 54/74 load. The buffered clock input, used with the strobe gate, is only two Series 54/74 loads. Full 
fan-out to 10 Series 54/74 loads is available from each of the outputs. These devices are completely compatible with 
most TTL and DTL families. Typical power dissipation is 345 milliwatts for the SN7497, and 270 milliwatts for the 
SN74167. The SN7497 and SN74167 are characterized for operation from 0°C to 70°C. 
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CIRCUIT TYPES SN7497, SN74167 
SYNCHRONOUS RATE MULTIPLIERS 



description (continued) 



SN7497 
STATE AND/OR RATE TABLE (See Note A) 



INPUTS 


OUTPUTS 


NOTES 


CLEAR 


ENABLE 


STROBE 


BINARY RATE 
F E D C B A 


NUMBER OF 
CLOCK PULSES 


UNITY/ 
CASCADE 


LOGIC LEVEL OR 
NUMBER OF PULSES 


Y 


Z 


ENABLE 


H 


X 


H 


X X X X X X 


X 


H 


L 


H 


H 


B 


L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
L 
L 
L 
L 
L 


L 

L 
L 
L 
L 
L 
L 


L L L L L L 
L L L L L H 
L L L L H L 
L L L H L L 
L L H L L L 
L H L L L L 
H L L L L L 
H H H H H H 


64 
64 
64 
64 
64 
64 
64 
64 


H 
H 
H 
H 
H 
H 
H 
H 


L 

1 

2 

4 

8 
16 
32 
63 


H 

1 

2 

4 

8 
16 
32 
63 




C 
C 
C 
C 

c 
c 
c 
c 


L 


L 


L 


H H H H H H 


64 


L 


H 


63 




E 


L 


L 


-L 


H L H L L L 


64 


H 


40 


40 




F 



SN74167 
STATE AND/OR RATE TABLE (See Note A) 



INPUTS 


OUTPUTS 


NOTES 


CLEAR 


ENABLE 


STROBE 


BCD RATE 
D C B A 


NUMBER OF 
CLOCK PULSES 


UNITY/ 
CASCADE 


LOGIC LEVEL OR 
NUMBER OF PULSES 


Y 


Z 


ENABLE 


H 


X 


H 


X X X X 


X 


H 


L 


H 


H 


B 


L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H L L L 
H L L H 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
1 
2 
3 
4 
5 
6 
7 
8 
9 


H 
1 
2 
3 
4 
5 
6 
7 
8 
9 




C 
C 
C 
C 
C 
C 
C 
C 
C 
C 


L 
L 
L 
L 
L 
L 


L 
L 

L 
L 
L 
L 


L 
L 
L 
L 
L 
L 


I I I I I I 


10 
10 
10 
10 
10 
10 


H 
H 
H 
H 
H 
H 


8 
9 
8 
9 
8 
9 


8 
9 
8 
9 
8 
9 




C,D 
C, D 
0,0 
C,D 
C,D 
C, D 


L 


L 


L 


H L L H 


10 


L 


H 


9 




E 



A. H = high level, L = low level, X = irrelevant. All remaining entries are numeric counts. 

B. This is a simplified illustration of the clear function. The states of clock and strobe can affect the logic level of Y and Z. A low (L) 
unity/cascade will cause output Y to remain high. 

C. Each rate illustrated assumes a constant value at rate inputs; however, these illustrations in no way prohibit variable-rate inputs, 

D. These input conditions exceed the range of the decimal rate inputs. 

E. Unity/cascade is used to inhibit output Y. 

M-fin (8 + 32)fin 40 f^ 
f=- fout = = = =0.625 fin 



64 



64 



64 
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CIRCUIT TYPES SN7497. SN74167 
SYNCHRONOUS RATE MULTIPLIERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) j y 

Input voltage (see Note 1) . 5.5 V 

Operating free-air temperature range 0°Cto70°C 

Storage temperature range — 65°Cto 150°C 

recommended operating conditions 



Supply voltage, Vqq 



NormaliHed fan-out from output, N 



Input clock frequency, fdock 



Width of clock pulse, tv(,{ciock) 



Width of clear pulse, tw(clear) 



Width of set-to-nine pulse tvy(set-to-9) 



SN74167 



Setup time, tgetup^ 

From positive-going transition of clock pulse 

From negative-going transition of previous clock pulse 



(See Figure 1) 



Hold time, tf,Q|jj: 

From positive-going transition of clock pulse 

From negative-going transition of previous clock pulse 



(See Figure 1) 



Operating free-air temperature, T^ 



NOM 



4.75 



5.25 



25 



20 



15 



25 




tw(clock)-10 



tw(clock)-''0 



70 



UNrr 



NOTE 1 : Voltage values are with respect to network ground terminal. 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST COND1TIONS+ 


MIN TYP± MAX 


UNIT 


V|H High-level input voltage 




2 


V 


V|L Low-level input voltage 




0.8 


V 


V| Input clamp voltage 


Vcc = MIN, l| = -12mA 


-1.5 


V 


VqH High-level output voltage 


Vcc=WllN, V|H = 2V, 
V|L = 0.8V, loH = -400AiA 


2.4 


V 


Vql Low-level output voltage 


Vcc = MIN, V|H = 2V, 
V|L = 0.8V, loL=16mA 


0.4 


V 


1 1 1 nput current at maximum input voltage 


Vcc = MAX, V|=5.5V 


1 


mA 


l|H High-level input current 


clock input 


Vcc = MAX, V| = 2.4V 


80 


mA 


other inputs 


40 


l|L Low-level input current 


clock inputs 


Vcc = IVlAX, V|=0.4V 


-3.2 


mA 


other inputs 


-1.6 


'OS Short-circuit output current§ 


Vcc = MAX 


-18 -55 


mA 


ICCH Supply current, high-level output 


Vcc = MAX, 
See Note 2 


SN7497 


58 


mA 


SN74167 


43 




Vcc = IWAX, 
See Note 3 


SN7497 


80 120 


mA 






SN74167 


65 99 



NOTES: 2. IcCH '^ measured with outputs open and ail inputs low. 

3. 'CCL is measured with outputs open and all inputs high except the set-to-nine input of the SN74167, which is low. 
For test conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

+ AI1 typical values are at Vqc = 5 V, T^ = 25' C. 

§ Not more than one output should be shorted at a time. 
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CIRCUIT TYPES SN7497, SN74167 
SYNCHRONOUS RATE MULTIPLIERS 



switching characteristics, Vcc = 5 V, Ta = 25°C, N = 10 



parameterU 


FROM 
INPUT 


TO 
OUTPUT 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 








Cl= 15 pF, 
RL = 400n, 
See Figure 1 


25 32 


MHz 


tPLH 


Enable 


Enable 


13 20 


ns 


tPHL 


14 21 


tPLH 


Strobe 


Z 


12 18 


ns 


tPHL 


15 23 


tPLH 


Clock 


Y 


26 39 


ns 


tPHL 


20 30 


tPLH 


Clock 


Z 


12 18 


ns 


tPHL 


17 26 


tPLH 


Rate 


z 


9 14 


ns 


tPHL 


6 10 


*PLH 


Unity/Cascade 


Y 


9 14 


ns 


tPHL 


6 10 


tPLH 


Strobe 


Y 


19 30 


ns 


tPHL 


22 33 


tPLH 


Clock 


Enable 


19 30 


ns 


tPHL 


22 33 


tPLH 


Clear 


Y 


24 36 


ns 


tpHL 


Z 


15 23 


tPHL 
(SN74167only) 


Set-to-9 


Enable 


18 27 


ns 


tPLH 


Any Rate Input 


Y 


15 23 


ns 


tPHL 


15 23 



^^max i^ maximum input clock frequency. 
tpLH is propagation delay time, low-to-high-level output. 
tpHL 'S propagation delay time, high-to-low-leuel output. 
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CIRCUIT TYPES SN7497. SN74167 
SYNCHRONOUS RATE MULTIPLIERS 



OUTPUT OF DEVICE 
UNDER TEST 



J_ (See Note B) 



All three outputs are loaded during testing 
LOAD CIRCUIT 



PARAMETER MEASUREMENT INFORMATION 



<4^>l-W->f 



/ 

CLOCK 
INPUT 

1 

,*— se. 


1 
1 
l/~ 

/i 

— ^1 
1 


»(clockl«' 
1 

1 

v 

V +1.5V 

1 

old*| 


'•-tw(clock|-^ 
1 1 

y 1 r 

+ 1.5V "V^^^ / 

1 J, U..„ 


ENABLE \ 
INPUT T ■ 


J- 


■\Jr:_ 








OUTPUT Y 


\ 




Flip-flops are at the maximum count. 
Other inputs are low. 

PROPAGATION DELAY TIMES, 
ENABLE INPUT TO ENABLE OUTPUT 



CLOCK OR 
STROBE 


•/1.5 V 

-J 

|«t-'PLH 

1 1 


\l.5V 




l« •! .'fHL 


OUTPUT Z 


\h 


1 V- 




y, ,1 'PHI 

1 




OUTPUT Y 


X. 


1/ ^'OH 



ENABLING FROM POSITIVE-GOING 
TRANSITION OF CLOCK PULSE 



Unity /cascade and rate inputs are high, other inputs are low, 
and flip-flops are at any count other than maximum. 

PROPAGATION DELAY TIMES, CLOCK TO Z AND Y, 
AND STROBE INPUT TO Z AND Y 



)ISABLED-^ i 
l»'»»(clock|-M< 



^"Fv^-^i^t: 



\I: 



r^v: 



ENABLING FROM NEGATIVE-GOING 
TRANSITION OF PREVIOUS CLOCK PULSE 

Unity/cascade and rate inputs are high, other inputs are 
low, and flip-flops are at any count other than maximum 
or one count before maximum. 

Setup and hold times are illustrated for enabling a single 
clock pulse (count). Continued application of the enable 
function will enable subsequent clock pulses (counts) 
..ntil disabling occurs (enable goes high). The total 
"umber of counts will be determined by the total number 
of positive-going clock transitions enabled. 



Vi 



V 



Flip-flops are at a count so that all other inputs to the gate 
under test are high all other inputs, including other rate 
inputs, are low. 

PROPAGATION DELAY TIMES, 
RATE INPUT TO Z 



I: 



/^^, 



Output Z is high. 

PROPAGATION DELAY TIMES, 
UNITY/CASCADE INPUT TO Y 



NOTES: A. The input pulse generator has the following characteristics: t,„((-|Q(;|^) 
^THL ^ lO "S. PRR = I MHz, Zout "^ 50 fj. 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1N3064. 

FIGURE 1-SWITCHING TIMES 



20 ns. tjL|_| ^ 10 ns, 
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CIRCUIT TYPES SN7497, SN74167 
SYNCHRONOUS RATE MULTIPLIERS 



functional block diagram 



SIM7497 BINARY COUNTER 




S^ OUTPL 



SN74167 DECADE COUNTER 



functional block diagram 




__I N OUTPL 



940 
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CIRCUIT TYPES SN54160 THRU SN54163, SN74160 THRU SN74163 

SYNCHRONOUS 4-BIT COUNTERS 



SN54160, SN54161, SN74160, SN74161 SYNCHRONOUS COUNTERS WITH DIRECT CLEAR 

SN54162, SN54163, SN74162, SN74163 . . . FULLY SYNCHRONOUS COUNTERS 



JOR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW)t 



Internal Look-Ahead for Fast Counting Schemes 

Carry Output for n-Bit Cascading 

Synchronous Counting 

Synchronously Programmable 

Load Control Line 

Diode-Clamped Inputs 

Typical Maximum Input Clock Frequency ... 32 MHz 



description 



OUTPUTS 

CARRY ^ ^ ^ ENABLE 

V,.(. OUTPUT Q„ Uh Q,. Qn t 1 





16 


15 




14 




13 


. 


12 




" 


. 10 


. 9 






ill! 










1 ARUy Q^ Qg Q|- QpENABLE 

CL[-AR LOAD 

ENABLE 
CLOCK A B C D P 


^ 




1 M i 1 1 


II 




1 


2 




3 




4 




5 




6 


7 " 8 





CLEAR CLOCK A 



D ENABLE GND 



DATA INPUTS 



positive logic; See description 



'Pin assignments for these circuits are the same for 
all packages. 

These synchronous, presettable counters feature an internal carry look-ahead for application in high-speed counting 
schemes. The SN54160, SN54162, SN74160, and SN74162 are decade counters and the SN54161, SN54163, 
SN74161, and SN74163 are 4-bit binary counters. Synchronous operation is provided by having all flip-flops clocked 
simultaneously so that the outputs change coincident with each other when so instructed by the count-enable inputs 
and internal gating. This mode of operation eliminates the output counting spikes which are normally associated with 
asynchronous (ripple clock) counters. A buffered clock input triggers the four J-K master-slave flip-flops on the rising 
(positive-going) edge of the clock input waveform. 

These counters are fully programmable; that is, the outputs may be preset to either state. As presetting is synchronous, 
placing a low level on the load input disables the counter and causes the outputs to agree with the data inputs after the 
next clock pulse. The clear function for the SN54160, SN54161, SN74160, and SN74161 is asynchronous and a low 
level at the clear input sets all four of the flip-flop outputs low regardless of the state of the clock. The clear function 
for the SN54162, SI\I54163, SN74162, and SN74163 is synchronous and a low level at the clear input sets all four of I 
the flip-flop outputs low after the next clock pulse. This synchronous clear allows the count length to be modified 
easily as decoding the maximum count desired can be accomplished with one external NAND gate. The gate output is 
connected to the clear input to synchronously set the counter to 0000 (LLLL). 

The carry look-ahead circuitry provides for cascading counters for n-bit synchronous applications without additional 
gating. Instrumental in accomplishing this function are two count-enable inputs and a carry output. Both count-enable 
inputs (P and T) must be high to count, and input T is fed forward to enable the carry output. The carry output thus 
enabled will produce a positive output pulse with a duration approximately equal to the positive portion of the Qa 
output. This positive overflow carry pulse can be used to enable successive cascaded stages. High-to-low-level transitions 
at the enable P or T inputs should occur only when the clock input is high. 

All inputs are diode-clamped to minimize transmission-line effects, thereby simplifying system design. A full fan-out to 
ten normalized Series 54/74 loads is available from each of the outputs in the low-level state. A fan-out to 
20 normalized Series 54/74 loads is provided in the high-level state to facilitate connection of unused inputs to used 
inputs. Input clock frequency is typically 32 megahertz and power dissipation is typically 325 milliwatts. 

Series 54 circuits are characterized for operation over the full military temperature range of -55°C to 125°C; Series 74 
circuits are characterized for operation from 0°C to 70°C. 
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CIRCUIT TYPES SN54160 THRU SN54163, SN74160 THRU SN74163 
SYNCHRONOUS 4-BIT COUNTERS 

SN54160, SN54162, SN74160, SN74162 SYNCHRONOUS DECADE COUNTERS 
typical clear, preset, count, and inhibit sequences 

Illustrated below is the following sequence: 

1. Clear outputs to zero. 

2. Preset to BCD seven. 

3. Count to eight, nine, zero, one, two, and three. 

4. Inhibit 



CLEAR 
(SN54160, SN74160) 



CLEAR 
ISN 54162, SN74162) 



«_r 



< 



J" 



CLOCK 
(SN54160, SN74160) 



CLOCK 

(SN 54162, SN74162) 



UJ 



OUTPUTS <^ 



lASYNCHRONOUS) 



(SYNCHRONOUS) 



J_ 




I I I- 

CLEAR PRESET 



1 

-COUNT— 
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CIRCUIT TYPES SN54160 THRU SN54163, SN74160 THRU SN74163 

SYNCHRONOUS 4-BIT COUNTERS 

SIM54161, SIVI54163, SN74161, SN74163 SYNCHRONOUS BINARY COUNTERS 
typical clear, preset, count, and inhibit sequences 

Illustrated below is the following sequence: 

1 . Clear outputs to zero. 

2. Preset to binary twelve. 

3. Count to thirteen, fourteen, fifteen, zero, one, and two. 

4. Inhibit. 



CLEAR 
(SIM54161,SN74161) 



CLEAR 
(SN54163, SN74163) 



< 



CLOCK 
(SN54161,SN74161) 



CLOCK 
(SN54163, SN74163) 



OUTPUTS <C 



Qa 
Qb 
Qc 
Qd 





(ASYNCHRONOUS) 




j (SYNCHRONOUS) 








1 > 

1 1 








1 1 


1 

1 




1 l_ 




1 1 




J J ■■ "■ 

J L 








1 i" ' 
III ■ 




1 1 1 1 1 


— - 


, 1 1 1 . 

1 1 rnl 




1 1 ' 

1 




ill ^ 




' _. ,,. i 




1 i 1 




1 \ 1 
1 1 




! ! 1 



|12 |13 

I I h 



15 

— COUNT- 



CLEAR PRESET 
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CIRCUIT TYPES SN54160 THRU SN54163, SN74160 THRU SN74163 
SYNCHRONOUS 4-BIT COUNTERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1 ) 7 V 

Input voltage (see Note 1) 5.5 V 

Interemitter voltage (see Note 2) 5.5 V 

Operating free-air temperature range: 

SN54160,SN54161,SN54162,SN54163 Circuits -55°Cto125°C 

SN74160, SN741 61, SN741 62, SN741 63 Circuits 0°Cto70°C 

Storage temperature range — 65°Cto150°C 

NOTES: 1 . Voltage values are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter transistor. For these circuits, this rating applies between the count 
enable inputs P and T. 

recommended operating conditions 





SN 54160, SN54161, 
SN54162, SIM54163 


SN74160, SN74161, 
SN74162, SN74163 


UNIT 


MIN NOM MAX 


IVI!N NOM MAX 


Supply voltage, Vqq 


4.5 5 5.5 


4.75 5 5.25 


V 


Normalized fan-out 
from each output, N 


High logic level 


20 


20 




Low logic level 


10 


10 


Input clock frequency, f clock 


25 


25 J 


MHz 


Width of clock pulse, tvv(clock) 


25 


25 


ns 


Width of clear pulse, tw(clear) 


20 


20 


ns 


Setup time, tjetup 'see Figures 1 and 3) 


Data inputs A, B, C, D 


15 


15 


ns 


Enable P 


20 


20 


Load 


15 


15 


ClearO 


20 


20 


Hold time at any input, tf,old 








ns 


Operating free-air temperature, T^^ 


-55 25 125 


25 70 


°C 



'This applies only for SN54162, SN54163, SN74162, and SN74163 which have synchronous clear inputs. 



electrical characteristics over recommended operating free-air temperature range (unless otherwise specified) 



PARAMETER 


TEST CONDITIONS^ 


SN54160,SN 54161, 
SN54162,SN54163 


SN74160,SN74161, 
SN74162,SN74163 


UNIT 




MIN TYPt MAX 


MIN TYPf MAX 


V||-| High-level input voltage 




2 


2 


V 


V|L Low-level Input voltage 




0.8 


0.8 


V 


V| Input clamp voltage 


Vcc = MAX, l| = -12mA 


-1.5 


-1.5 


V 


Vqh High-level output voltage 


Vcc = MIN, ViH = 2V, 
V|L = 0.8V, Ioh=-800axA 


2.4 


2.4 


V 


Vol Low-level output voltage 


Vcc = MIN, V|H=2V, 
V|L = 0.8V, loL = 16mA 


0.4 


0.4 


V 


If Input current at maximum input voltage 


Vcc = MAX, V| = 5.5 V 


1 


1 


mA 


High-level 

'IH 

input current 


Clock or enable T 


Vcc = MAX, V| =2.4V 


80 


80 


mA 


Other inputs 


40 


40 


Low-level 

'IL 

input current 


Clock or enable T 


Vcc = MAX, V| = 0.4 V 


-3.2 


-3.2 


mA 


Other inputs 


-1.6 


-1.6 


'OS Short-circuit output current § 


Vcc = MAX 


-20 -57 


-18 -57 


mA 


'CCH Supply current, all outputs high 


Vcc = MAX, See Note 3 


59 85 


59 94 


mA 


'col Supply current, all outputs low 


Vcc = MAX, See Note 4 


63 91 


63 101 


mA 



Tpor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type, 
t All typical values are at V^c = 5 V, T^ = 25°C. 
8 Not more than one output should be shorted at a time. 

NOTES: 3. IcCH 's measured with the load input high, then again with the load input low, with all other inputs high and all outputs open. 
4. IcCL '^ measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open. 
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CIRCUIT TYPES SN54160 THRU SN54163, SN74160 THRU SN74163 

SYNCHRONOUS 4-BIT COUNTERS 



switching characteristics, Vcc = 5 V, Ta = 25°C, IM - 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


^max Maximum input clock frequency 


1,2 


Cl= 15pF, 
RL = 400n 


25 32 


MHz 


Propagation delay time, low-to-high- 

tpi Ll 

level carry output from clock 


1,2 


23 35 


ns 


Propagation delay time, high-to-low- 
tpuii 

level carry output from clock 


1,2 


23 35 


Propagation delay time, low-to-high- 
tpi u 

level Q output from clock 


1,2 


13 20 


ns 


Propagation delay time, higfi-to-low- 

tPHL 

level Q output from clock 


1,2 


15 23 


Propagation delay time, low-to-high- 
tpi u 

level carry output from enable T 


1,3 


8 13 


ns 


Propagation delay time, high-to-low- 
tp|_i| 

level carry output from enable T 


1,3 


10 15 


Propagation delay time, high-to-low- 
tPHI 

level Q output from clear 


1,3 


20 30 


ns 



PARAMETER MEASUREMENT INFORMATION 



OUTPUT Vcc 



FROM OUTPUT 
UNDER TEST 



:rl 



4 ^ W ► ! W 



:cl 



NOTES; A. Cl includes probe and jig capacitance. 
B. All diodes are 1N3064. 



LOAD CIRCUIT FOR SWITCHING TESTS 
FIGURE 1 
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CIRCUIT TYPES SN54160 THRU SN54163, SN74160 THRU SN74163 
SYNCHRONOUS 4-BIT COUNTERS 

functional block diagrams 
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CIRCUIT TYPES SN54160 THRU SN54163, SN74160 THRU SN74163 

SYNCHRONOUS 4-BIT COUNTERS 

PARAMETER MEASUREMENT INFORMATION 



w(clock) ■ 



CLOCK 
INPUT 



■/l.BV \l.5V -il^l.BV \ -/l.5V \ / 



CARRY 
OUTPUT 



3V 




VOLTAGE WAVEFORMS 



NOTES: A. The input pulses are supplied by a generator having the following characteristics: t,- < 10 ns, tf < 10 ns, PRR < 1 MHz, duty 
cycle < 50%, Zqu^ » 50 fl. Vary PRR to measure frnax- 
B. Outputs Qq and carry are tested at t|-,+ io foi" l:he SN54160, SN54162, SN74160, and SN74162, and at t^+ie ^"'^ the SN54161, 
SN54163, SN74161, and SN74163, where tp is the bit time when all outputs are low. 



FIGURE 2-SWITCHING TIMES 
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CIRCUIT TYPES SN54160 THRU SH54163, SN74160 THRU SN74163 
SYNCHRONOUS 4-BIT COUNTERS 



PARAMETER MEASUREMENT INFORMATION 



CLOCK INPUT 
SN54160, SN54161, 
SN74160, SN74161 



CLEAR 
INPUT 



LOAD 
INPUT 



DATA INPUTS 
A, B, C, and D 



Q OUTPUTS 
SN54161,SN74161 
Da and Op OUTPUTS 
SN54160, SN74160 



Ob and Qc OUTPUTS 
SN54160, SN74160 



ENABLE P or 
ENABLE T 




CLOCK INPUT 
SN54162,SN 54163, 
SN74162, SN74163 



Q OUTPUTS 
SN54163, SN74163 
Da and Op OUTPUTS 
SN 54162, SN74162 



Qb and Qc OUTPUTS 
SN54162, SN74162 



VOLTAGE WAVEFORMS 

NOTES: A. The input pulses are supplied by a generator having the following characteristics: t^ < 1 ns, tf < 10 ns, PRR < 1 MHz, 
duty cycle < 50%, Zgut '^ ^0 fl. 
B. Enable P and enable T setup times are measured at t^ = 0. 

FIGURE 3-SWITCHIIMG TIMES 



Vol 
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TTL CIRCUIT TYPES SN54190, SN54191 SN74190, SN74191 

MSI SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL 



JOR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW)!" 



Counts 8-4-2-1 BCD or Binary 

Single Down/Up Count Control Line 

Count Enable Control Input 

Ripple Clock Output for Cascading 

Asynchronously Presettable with Load Control 

Parallel Outputs 

Cascadable for n-Bit Applications 

Typical Average Propagation Delay (Clock to 
Q Output) . . . 20 ns 

Typical Power Dissipation . . . 325 mW 

Typical Maximum Clock Frequency ... 25 MHz 



description 





16 


15 


J 


14 


. 13 


. 12 


11 


10 


9 






i 1 i 1 !• i 










A CLOCK RIPPLE MAX/ LOAD C 
CLOCK MIN 

B D 
Qg 0^ G DN/UP Qq Oq 


-^ 




i i I 1 1 1 


II 




1 " 2 




3 


4 


5 


6 


7 " 8 





INPUT OUTPUTS 



asynchronous inputs: Low input to load sets Qft=A, 
Qb = B, Qc = C, and Qq = D 



^Pin assignments for these circuits are the same for 
all pacl<ages. 

The SN54190, SN54191, SN74190, and SN74191 are synchronous, reversible up/down counters having a complexity 
of 58 equivalent gates. The SN54191 and SN74191 are 4-bit binary counters and the SN54190 and SN74190 are BCD 
counters. Synchronous operation is provided by having all flip-flops clocked simultaneously so that the outputs change 
coincident with each other when so instructed by the steering logic. This mode of operation will eliminate the output 
counting spikes which are normally associated with asynchronous (ripple clock) counters. 

The outputs of the four master-slave flip-flops are triggered on a low-to-high-level transition of the clock input if the 
enable input is low. A high at the enable input inhibits counting. Level changes at the enable input should be made only 
when the clock input is high. The direction of the count is determined by the state of the down/up input. When low, 
the counter counts up and when high, it counts down. 

These counters are fully programmable; that is, the outputs may be preset to any state by placing a low on the load 
input and entering the desired data at the data inputs. The output will change to agree with the data inputs indepen- 
dently of the state of the clock input. This feature allows the counters to be used as modulo-N dividers by simply 
modifying the count length with the preset inputs. 

Input buffers have been used to lower the fan-in requirement to only one normalized Series 54/74 load at all inputs 
except enable. This is important when the output of the driving circuitry is somewhat limited. 

Two outputs have been made available to perform the cascading function: ripple clock and maximum/minimum count. 
The latter output produces a high-level output pulse with a duration approximately equal to one complete cycle of the 
clock when the counter overflows or underflows. The ripple clock output produces a low-level output pulse equal in 
width to the low-level portion of the clock input when an overflow or underflow condition exists. The counters can be 
easily cascaded by feeding the ripple clock output to the enable input of the succeeding counter if parallel clocking is 
used, or to the clock input if parallel enabling is used. The maximum/minimum count output can be used to accomplish 
look-ahead for high-speed operation. 

Power dissipation is typically 325 milliwatts for either the decade or binary version. Maximum input clock frequency 
is typically 25 megahertz and is guaranteed to be at least 20 megahertz. 

The SN54190 and SN54191 are characterized for operation over the full military temperature range of -55°C to 
125°C; the SN74190 and SN74191 are characterized for operation from 0°C to 70°C. 
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CIRCUIT TYPES SN54190, SN54191, SN74190, SN74191 

SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage,Vcc (see Note 1) 7V 

Input voltage (see Note 1) 5.5 V 

Operating free-air temperature range: SN54190, SN54191 -55°Cto125°C 

SN74190,SN74191 0°Cto70°C 

Storage temperature range —65 C to 150 C 

NOTE 1 : Voltage values are with respect to network ground terminal. 

SN54190, SN74190 DECADE COUNTERS 

typical load, count, and inhibit sequences 

Illustrated below is the following sequence: 

1. Load (preset) to BCD seven. 

2. Count up to eight, nine (maximum), zero, one, and two. 

3. Inhibit. 

4. Count down to one, zero (minimum), nine, eight, and seven. 



u 



DATA . 

inputs" 



J 



'_) 



_r 



■~L 



^~L 



<:::l 



".:?L 



RIPPLE CLOCK 



llTLJlJTJlJTJTJlJTrLrLrLrL 



! 7 



I If 



S~i 



i_r 



u 



>.L_INHIBIT--J 1^ 



■ COUNT DOWN ■ 
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CIRCUIT TYPES SN54190, SN54191, SN74190, SN74191 
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL 



recommended operating conditions 





SN54190, SN54191 


SN74190, SN74191 


UNIT 


MIN 


NOM MAX 


MIN 


NOM 


MAX 


Supply voltage, Vqc 


4.5 


5 5.5 


4.75 


5 


5.25 


V 


Normalized fan-out from each output, N 


High logic level 


20 


20 




Low logic level 


10 


10 


Input clock frequency, fdock 





20 







20 


MHz 


Width of clock input pulse, ty^,((;iock) 


25 


25 


ns 


Width of load input pulse, tw(ioad) 


35 


35 


ns 


Data setup time, tjetup (^^^ Figures 1 and 2) 


20 


20 


ns 


Data hold time, t^old 








ns 


Operating free-air temperature, T^ 


-55 


25 125 





25 


70 


°C 



SIM54191,SN74191 BINARY COUNTERS 
typical load, count, and inhibit sequences 

Illustrated below is the following sequence: 

1. Load (preset) to binary thirteen. 

2. Count up to fourteen, fifteen (maximum), zero, one, and two. 

3. Inhibit. 

4. Count down to one, zero (minimum), fifteen, fourteen, and thirteen. 



'_r 



^_r 



°_r 



iirui_riJ~LriJi_ri_rLrLrLrLrL 



RIPPLE CLOCK 




I I L COUNTUP .i.- INHIBIT —^ |« COUNT 



15 14 13 
DOWN 1 
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CIRCUIT TYPES SN54190, SN54191, SN74190, SN74191 

SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL 

electrical characteristics over operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


SN54190, SN54191 


SN74190, SN74191 


UNIT 


MIN TYP$ MAX 


MIN TYPt MAX 


V|H High-level input voltage 


Vcc = MIN 


2 


2 


V 


V|L Low-level input voltage 


Vcc= MIN 


0.8 


0.8 


V 


V| Input clamp voltage 


Vcc=MIN, l| = -12mA 


-1.5 


-1.5 


V 


Vqh High-level output voltage 


Vcc = MIN, V|H = 2V, 
V|L = 0.8V, loH= -800 mA 


2.4 


2.4 


V 


Vql Low-level output voltage 


Vcc=MIN, V|H = 2V, 
V|L = 0.8V, loL=16mA 


0.4 


0.4 


V 


High-level input current at 
li 

maximum input voltage 


Vcc=I^AX, V| = 5.5V 


1 


1 


mA 


High-level input current 

'iH 

at any input except enable 


Vcc = MAX, V!=2.4V 


40 


40 


HA 


High-level input current 

'iH 

at enable input 


120 


120 


mA 


Low-ievel input current 
III 

at any input except enable 


Vcc=MAX, V| = 0.4V 


-1.6 


-1.6 


mA 


Low-level input current 
at enable input 


-4.8 


-4.8 


mA 


'OS Short-circuit output current § 


Vcc = MAX 


-20 -65 


-18 -65 


mA 


'CC Supply current 


Vcc = I^AX, See Note 2 


65 105 


65 105 


mA 



tFor concJitions shown as MAX or MIN, use appropriate value specified under recommended operating conditions for the applicable device 

type. 
Jam typical values are at Vqc = 5 V, T/^ = 25° C. 
§Not more than one output should be shorted at a time. 
NOTE 2: Icc '^ measured with all inputs grounded and all outputs open. 



switching characteristics, Vqq = 5 V, T^ = 25°C, N = 10 



PARAMETER^ 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


fmax 






Cl = 15pF, RL = 400n, 
See Figure 1 and Figures 3 thru 7 


20 25 


MHz 


tPLH 


Load 


Qa. Qb. Qc. Qd 


22 33 


ns 


tPHL 


33 50 


tPLH 


Data A, B, C, D 


Oa, Qb,Qc,Qd 


14 22 


ns 


tPHL 


35 50 


tPLH 


Clock 


Ripple Clock 


13 20 


ns 


tPHL 


16 24 


tPLH 


Clock 


Qa, Qb. Qc. Qd 


16 24 


ns 


tPHL 


24 36 


tPLH 


Clock 


Max/Min 


28 42 


ns 


^PHL 


37 52 


tPLH 


Down/Up 


Ripple Clock 


30 45 


ns 


tPHL 


30 45 


tPLH 


Down/Up 


Max/Min 


21 33 


ns 


tPHL 


22 33 



"fmax ~ maximum clock frequency 

^PLH ~ propagation delay time, low-to-high-level output 
*PHL'~ propagation delay time, high-to-low-level output 
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CIRCUIT TYPES SN54190, SN54191, SN74190, SN74191 
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL 



functional block diagram SN54190, SN74190 DECADE COUNTERS 

CLOCK O ^^^ 



DATA 
INPUT D^ 



MAX / MIN 
OUTPUT 



-• — O OUTPUT Q^ 



-• — O OUTPUT Qg 




• — O OUTPUT Qc 



PRESET 
J Qd 



K Qd 
CLEAR 



-O OUTPUT Qp 
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CIRCUIT TYPES SN54190, SN54191, SN74190, SN74191 

SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL 



functional block diagram 

CLOCK O ^ 



SN54191, SN74191 BINARY COUNTERS 




« — O OUTPUT 0(3 
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CIRCUIT TYPES SN54190, SN54191, SN74190, SN74191 
SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL 



PARAMETER MEASUREMENT INFORMATION 



OUTPUT Vcc 

o 



Qc, OR Qd 



CL=15pF 
(SEE NOTE A) 



:RL = 40on 



W W W 



(SEE NOTE B) 



FIGURE 1-LOAD CIRCUIT 
FOR SWITCHING TIME MEASUREMENT 




FIGURE 2-SETUP TIME VOLTAGE WAVEFORMS 




See waveform sequences in figures 4 tinrough 7 for propaga- 
tion times from a specific input to a specific output. For 
simplification, pulse rise times, reference levels, etc., have 
not been shown in figures 4 through 7. 

FIGURE 3-GENERAL VOLTAGE WAVEFORMS FOR 
PROPAGATION TIMES 



NOTES: A. Cl includes probe and jig capacitance. 

B. Ail diodes are 1N3064. 

C. The input pulses are supplied by generators having the following characteristics: Zq^^ = 50 n, duty cycle < 50%, 
PRR < 1 MHz. 



LOAD 


1 






































ANY DATA INPUT 














L 






















CORRESPONDING 


I 


























1 




1 





NOTE D: Conditions on other inputs are irrelevant. 

FIGURE 4-LOAD TO OUTPUT AND DATA TO OUTPUT 



nj 



DOWN/UP 
































CLOCK 




1 












1 




1 
1 
1 
1 










ENABLE G 


1 1 






*PHL-^ 


*~ 


-1 


I*— IPLt 


^ tPHL 


-! 


*- 




1*— *PLH 


RIPPLE CLOCK 












1 








_, 






1 



'•— tpHL 



NOTE E: All data inputs are low. 
FIGURE 5-ENABLE TO RIPPLE CLOCK, CLOCK TO RIPPLE CLOCK, DOWN/UP TO RIPPLE CLOCK, AND DOWN/UP TO MAX/MIN 
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CIRCUIT TYPES SN54190, SN54191, SN74190, SN74191 

SYNCHRONOUS UP/DOWN COUNTERS WITH DOWN/UP MODE CONTROL 

PARAMETER MEASUREMENT INFORMATION 
switching characteristics (continued) 



"~Lr 



DATA INPUTS 
(SEE NOTES F to HI. 



0UT1>UT(S) UNDER TEST 



u 



ENABLE = LOW 



NOTES: F. To test Q^, Qg, and Q^ outputs of SN54190; Data inputs A, B, and C are shown by the solid line. Data input D is shown by the 

dashed line. 
G. To test Qq" output of SN54190: Data inputs A and D are shown by the solid line. Data inputs B and C are held at the low logic 

level. 
H. To test Q/^, Qg, Qq, and Qp outputs of SN54191 : All four data inputs are shown by the solid line. 

FIGURE 6-CLOCK TO OUTPUT 



DATA B.C. AND D 
(SEE NOTE I) 



u 



u 



u 



I 
-♦ r*— «PHL 



U 



-*»{ | <—tpHL 



ENABLE ^ LOW 

NOTE I: Data inputs B and C are shown by the dashed line for SN54190 and the solid line for SN54191. Data input D is shown by the solid line 
for both devices. 

FIGURE 7-CLOCK TO MAX/MIN 
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m CIRCUIT TYPES 

MSI SYNCHRONOUS 4-BIT UP/DOWN 



SN54192, SN54193, SN74192, SN74193 
COUNTERS (DUAL CLOCK WITH CLEAR) 



Cascading Circuitry Provided Internally 

Synchronous Operation 

Individual Preset to Each Flip-Flop 

Fully Independent Clear Input 

Typical Maximum Input Count Frequency ... 32 MHz 



JOR N 
DUAL-IN-LIIME PACKAGE (TOP VIEW) 



description 



INPUTS 

_ OUTPUTS A 

'DATA ft "g * , A ,, , f l n&D DATA I 



JUITLRR^^ 



CLEAR BORROW CARRY LOAD 



COUNT COUNT 



i±riiiiiji±njiiii^^ 

DATA pg O^ COUNT COUNT Qq Qq GND 



logic: Lotfi/'mput to load sets &, = A, 
Qg = B, Q(. = C, and 0^ = 



These monolithic circuits are synchronous reversible (up/down) 
counters having a complexity of 55 equivalent gates. The 
SN54192 and SN74192 are BCD counters and the SN54193 and 
SIM74193 are 4-bit binary counters. Synchronous operation is 
provided by having all flip-flops clocked simultaneously so that 
the outputs change coincidently with each other when so 
instructed by the steering logic. This mode of operation 
eliminates the output counting spikes which are normally 
associated with asynchronous (ripple-clock) counters. 

The outputs of the four master-slave flip-flops are triggered by a low-to-high-level transition of either count (clock) 
input. The direction of counting is determined by which count input is pulsed while the other count input is high. 

All four counters are fully programmable; that is, the outputs may be preset to any state by entering the desired data at 
the data inputs while the load input is low. The output will change to agree with the data inputs independently of the 
count pulses. This feature allows the counters to be used as modulo-N dividers by simply modifying the count length 
with the preset inputs. 

A clear input has been provided which forces all outputs to the low level when a high level is applied. The clear function 
is independent of the count and load inputs. An input buffer has been placed on the clear, count, and load inputs to 
lower the drive requirements to one normalized Series 54/74 load. This is important when the output of the driving 
circuitry is somewhat limited. 

These counters were designed to be cascaded without the need for external circuitry. Both borrow and carry outputs 
are available to cascade both the up- and down-counting functions. The borrow output produces a pulse equal in width 
to the count-down input when the counter underflows. Similarly, the carry output produces a pulse equal in width to 
the count-up input when an overflow condition exists. The counters can then be easily cascaded by feeding the borrow 
and carry outputs to the count-down and count-up inputs respectively of the succeeding counter. 

Power dissipation is typically 325 milliwatts for either the decade or binary version. Maximum input count frequency is 
typically 32 megahertz and is guaranteed to be 25 MHz minimum. All inputs are buffered and represent only one 
normalized Series 54/74 load. Input clamping diodes are provided to minimize transmission-line effects and thereby 
simplify system design. The SN54192 and SN54193 are characterized for operation over the full military temperature 
range of -55°C to 125°C; the SN74192 and SN74193 are characterized for operation from 0°C to 70°C. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vqc (see Note 1 ) ^ ^ 

Input voltage (see Note 1) ^- ■ ^-^^ 

Operating free-air temperature range: SN54192 and SN54193 Circuits -55°Cto125^C 

SN74192 and SN74193 Circuits 0°C to 70°C 

Storage temperature range ~65 C to 150 C 

NOTE 1 : Voltage values are with respect to network ground terminal. 
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CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193 

SYNCHRONOUS 4.BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR) 



SN54192, SN74192 DECADE COUNTERS 



typical clear, load, and count sequences 

Illustrated below is the following sequence: 

1. Clear outputs to zero. 

2. Load (preset) to BCD seven. 

3. Count up to eight, nine, carry, zero, one, and two. 

4. Count down to one, zero, borrow, nine, eight, and seven. 



_r 



DATA < 






COUNT 
UP 



COUNT 
DOWN 



OUTPUTS <f 



3 



in 



in 



n 



SEQUENCE 
ILLUSTRATED 



u 



■LrLnjrLTu 



I'l 



LnrLTLTLr 



CLEAR PRESET 



9 1 
COUNT UP 



9 

COUNT DOWN ■ 



NOTES: A. Clear overrides load, data, and count inputs. 

B. When counting up, count-down input must be high; when counting down, count-up input must be high. 



9-58 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193 
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR) 

SN54193, SN74193 BINARY COUNTERS 
typical clear, load, and count sequences 



Illustrated below is the following sequence: 

1. Clear outputs to zero. 

2. Load (preset) to BCD thirteen. 

3. Count up to fourteen, fifteen, carry, zero, one, and two. 

4. Count down to one, zero, borrow, fifteen, fourteen, and thirteen. 



CLEAR 




* 
























LOAD 















B 
C 
D 


















. 







DATA <* 










— I 1 
























\ 








COUNT- 
UP 
















COUNT 
DOWN 


' 








— 


- 






Qa 
Qb 
Qc 
Qd 










- 

































OUTPUTS <^ 


























































\ 
















CARRY 














BORROW 
SEQUENCE 


M 

clear 


H 

preset 


14 15 1 2 




1 


15 14 


13 




ILLUSTRATED 













NOTES: A. Clear overrides load, data, and count inputs. 

B. When counting up, count-down input must be high; when counting down, count-up input must be high. 
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CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193 

SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR) 



recommended operating conditions 



Supply voltage Vcc 



Normalized fan-out from each output, N 



Input count frequency, fcount 



Width of any input pulse, t^^, 



Data setup time, tjgtup 'see Figure 7 and Note 2) 



Data hold time, t^old ''^^ ^°^^ -^' 



Operating free-air temperature range, T^ 



SN54192, SN54193 



MIN NOM MAX 



4.5 



25 



-55 25 



125 



SN74192, SN74193 



MIN NOM MAX 



4.75 



5.25 



20 



20 



25 



70 



MHz 



°C 



NOTES; 2. Setup time is the interval immediately preceding the positive-going edge of the load pulse during which interval the data to be 
recognized must be maintained at the input to ensure its recognition. 
3. Hold time is the interval immediately following the positive-going edge of the load pulse during which interval the data to be 
recognized must be maintained at the input to ensure its recognition. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST 
CONDITIONS^ 


SN54192, SN54193 


SN74192, SN74193 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|H High-level input voltage 


1 and 2 




2 


2 


V 


V|L Low-level input voltage 


1 and 2 




0.8 


0.8 


V 


Vqh High-level output voltage 


1 


Vcc = MIN, ViH=2V, 
V|L = 0.8V, IoH = -400mA 


2.4 


2.4 


V 


Vql Low-level output voltage 


2 


Vcc = MlN, V|H = 2V, 
V|L = 0.8V, loL=16mA 


0.4 


0.4 


V 


1 1 H High-level input current 


3 


Vcc = MAX, V| =2.4V 


40 


40 


mA 


Vcc = MAX, V| = 5.5 V 


1 


1 


mA 


1 1 L Low-level input current 


4 


Vcc = MAX, V| = 0.4 V 


-1.6 


-1.6 


mA 


1 OS S hort-circu it output current § 


5 


Vcc = MAX 


-20 -65 


-18 -65 


mA 


'CC Supply current 


6 


Vcc = MAX 


65 89 


65 102 


mA 



f For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type, 
t All typical values are at V^C = 5 V, T^ = 25 C. 
§ Not more than one output should be shorted at a time. 

switching characteristics, Vcc = 5 V, Ta = 25°C, N = 10 



PARAMETER^ 


FROM 
INPUT 


TO 
OUTPUT 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


^max 








Cl= 15 pF, 
RL = 400n 


25 32 


MHz 


tsetup 






7 


14 


20 


ns 


tPLH 


Count-up 


Carry 


8 


17 


26 


ns 


tpHL 


16 


24 


tPLH 


Count-down 


Borrow 


8 


16 


24 


ns 


tPHL 


16 


24 


tPLH 


Either Count 


Q 


8 


25 


38 


ns 


tPHL 


31 


47 


tPLH 


Load 


Q 


7 


27 


40 


ns 


tPLH 


29 


40 


tPHL 


Clear 


Q 


7 


22 


35 


ns 



^max ~ maximum clock frequency 
tpLH = propagation delay time, low-to-high-level output 
tp(-|i_ = propagation delay time, high-to-low-level output 
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CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193 
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR) 



SN54192. SI\I74192 DECADE COUNTER 



functional block diagram 




« O OUTPUT Q, 



• O OUTPUT Qg 



• O OUTPUT Gq 



♦ O OUTPUT Q, 



D 



LOAD 
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CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193 

SYNCHRONOUS 4.BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR) 



functional block diagram 



SNS4193, SN74193 BINARY COUNTER 



DATA 



INPUTS 




INPUT C 



INPUT D 



BORROW 
OUTPUT 

CARRY 
OUTPUT 



• O OUTPUT Q, 



« O OUTPUT Qc 



♦ O OUTPUT Qq 



O OUTPUT Or 
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CIRCUIT TYPES $N54192, SN54193, SN74192, SN74193 
SYNCHRONOUS 4.BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR) 



PARAMETER MEASUREMENT INFORMATION 



d-c test circuitsi 



SEE 
NOTE 



UP BORROW P 

DOWN 

A 

R O 



CARRY 



^^-^. X 



c 

D 
CLEAR 



Q, 



O LOAD Qf 



^OH 1 

i 



^'OH 



T 



Each output is tested separately. 
FIGURE 1-V,„.V,L.Vo„ 



v., 0-* 




Each output is tested separately. 

FIGURE 2-v,H,v,L, Vol 



4.5 V 

o 



'cc 



SEE 
NOTES 



rL J- 



UP BORROW 

DOWN 



A 
B 

C 
D 
CLEAR 



CARRY 



Q, 



C LOAD Op 



> OPEN 



NOTES: A. Each input is tested separately. 

B. Apply V| to input under test, and ground other inputs except when testing data inputs, apply 4.5 V to clear and load inputs. 

FIGURE 3-l|H 
1 Arrows indicate actual direction of current flow. Current into a ter, inal is a positive value. 
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CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193 

SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR) 



PARAMETER MEASUREMENT INFORMATION 



d-c test circuits (continued)ll 



'CC 



SEE 
NOTES 



rL -t 





'-"' BORROW 

DOWN 

CARRY 
A 

B Qa 



^C 
CLEAR 

LOAD % 










































^ 





>OPEN 



NOTES; A. Each input is tested separately. 

B. Apply V| to input under test and ground other inputs. 

FIGURE 4-I|L 



V^ 



4.5 V O iy 



UP BORROW 

DOWN 



O LOAD Qq 



:C\ 



7 



Each output is tested separately in the high-level state. 
FIGURE 5-U- 



4.5 VO- 



"CC 

11 



^^ BORROW |o- 

DOWN 



A 
B 

C 
D 
CLEAR 



CARRY jO- 



"A 



Q, 



(I C LOAD 



>OPEN 



FIGURE 6-1 



CC 

H Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193 
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR) 



switching characteristics 



PARAMETER MEASUREMENT INFORMATION 



CLEAR 

PULSE 

GENERATOR 

(See Note A) 



DATA 

PULSE 

GENERATOR 

(See Note A) 



LOAD 

PULSE 

GENERATOR 

(See Note A) 



BORROW 
CARRY 



O— OPEN 
OPEN 



CLEAR 
LOAD 



T" 



t N * W W W 



(See Note Ci 
: 15 pF 



"1 



-I 



I LOAD CIRCUIT 1 

r 



LOAD CIRCUIT 2 
[Sameas Load Circuit 1) 



LOAD CIRCUIT 3 
(Sameas Load Circuit 1) 



LOAD CIRCUIT 4 
lame as Load Circuit 1) 



TEST CIRCUIT 



! I 



' I-. 



|J^90% 90%-^ I 



DATA 
INPUT 



LOAD 
INPUT 



— »! 'PHL k — 



%;:i 



j^ 



'setup •' * 'PLH-»] 
1 



\ ^"^ri 



,„,—^ i*_ 



^ 



10% 









,ns-H 1^ 



^ 



VOLTAGE WAVEFORMS 

NOTES: A. The pulse generators have the following characteristics: Z^^t ^ 50 il; for the data pulse generator, PRR = 500 kHz, 
duty cycle = 50%; for the load pulse generator, PRR = 1 MHz, duty cycle = 50%. 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1N3064. 

FIGURE 7-CLEAR, SETUP, AND LOAD TIMES 



Texas Instruments 

I Nc OKPOK A r e:d 

POST OFFICE BOX 5012 . DALLAS. TEXAS 75222 



9-65 



CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193 

SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR) 



PARAMETER MEASUREMENT INFORMATION 



switching characteristics 



PULSE 

GENERATOR 

(See Note At 




TEST CIRCUIT 



INPUT 

(Sep Note D 



OUTPUT 
(See Note E ) 



i ' I 

— J'plhK 



COUNT 

DOWN 

INPUT 

(See Note D) 



SORROW 
OUTPUT 



i-*1'phl!*- 

'PHL |*-1 

|-*j 'plh' 



1.5 V 



I I I I 



1.5 V 

-; Vn 



\iy'^i]^\uF\i/^ \i/^\i/ir: : 



'pHLr — 



-J 



I ! 






VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zqu^ «> 50 J7, duty cycle = 50%. 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1N3064. 

D. Count-up and count-down pulses shown are for the SN54193/SN74193 binary counters. Count cycle for 
SN54192 decade counter is 1 through 10. 

E. Waveforms for outputs Q/\, Qg, and Clq are omitted to simplify the drawing. 

FIGURE 8-PROPAGATION DELAY TIMES 
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CIRCUIT TYPES SN54192, SN54193, SN74192, SN74193 
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS (DUAL CLOCK WITH CLEAR) 



TYPICAL APPLICATION DATA 



modulo-N divider 



TheSN54193/SN74193can be used to divide an incoming count frequency by any integral number (N) from one to 16. 
This is done by modifying the count frequency occurring at the carry output by presetting the data inputs to 16 minus 
N. By connecting the carry output to the load input, the counter will count to the maximum state (15) and the data 
inputs will then be enabled on the succeeding clock pulse. The counter outputs are then preset to the levels applied at 
the data inputs and the count sequence is repeated. 



INPUT 

-LTLrLTLr 

5V 



vcc 



DATA INPUTS 

A 



LOAD A B C D 

UP CARRY 

SN54193, 

SN74193 gof^po^ 

DOWN 

CLEAR Qa Qb *^C Qd 



T 



^ V ' 

OUTPUTS 



OUTPUT 

"U "LT 



OPEN 



The SN54192/SN74192 may be used in the same manner to perform division by any number from 1 to 10. 



cascading 



Circuitry is provided internally for cascading these counters. The mode of cascading shown below is ripple 
borrow/carry. No external components are required. 



LOAD 



DATA INPUTS 



UP CLOCK- 



DOWN CLOCK - 



DATA INPUTS 



LOAD A 8 C D 

UP CARRY 

SN54192, SN54193, 
SN74192, orSN74193 

DOWN BORROW 

CLEAR Qa Qb Qc Qd 



CLEAR 



LOAD A B C D 

UP CARRY 

SN54193,SN 54193, 
SN74192, orSN74193 

DOWN BORROW 

CLEAR Qa Qb Qc Qd 



OUTPUTS 




OUTPUTS 



TO NEXT 
STAGE 



Tl (onnof assume any responsibilily for any circuifs shown 
or represent Iho! they are free from patent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANCES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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CIRCUIT TYPES SN5494, SN7494 
4.BIT SHIFT REGISTERS 



TTL MSI PARALLEL-IN SERIAL-OUT REGISTERS 
for application as 

• Serial- In Serial-Out Register 

J CRN DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW)t 



• Dual-Source, Parallel-To-Serial Converter 



description 



This monolithic shift register, utiliz- 
ing transistor-transistor logic (TTL) 
circuits in the familiar Series 74 
configuration, is composed of four 
R-S master-slave flip-flops, four 
AN D-OR -INVERT gates, and four 
inverter-drivers. Internal intercon- 
nectior^s of these functions provide 
a versatile register which performs 
right-shift operations as a serial-in, 
serial-out register or as a dual- 
source, parallel-to-serial converter. 
A number of these registers may be 
connected in series to form an n-bit 
register. 



•PRESETS . CLEAR 

PR 
2 2B 2C GND 2D OU 



14|Jl3|Jl2|JTlJir|_ 



CLOCK 
SERIAL 
INPUT 



poshive logic: High input to clear sets Q/^, Qg, 
Qc, and Qq to logical 0. 



tPin assignments for these circuits are the same for all packages. 



All flip-flops are simultaneously set to the logical state by applying a logical 1 voltage to the clear input. This 
condition may be applied independent of the state of the clock input, but not independent of state of the preset 
input. Preset input is independent of the clock and clear states. 

The flip-flops are simultaneously set to the logical 1 state from either of two preset input sources. Preset inputs 1A 
through ID are activated during the time that a positive pulse is applied to preset 1 if preset 2 is at a logical level. 
When the logic levels at preset 1 and preset 2 are reversed, preset inputs 2A through 2D are active. 

Transfer of information to the outputs occurs when the clock input goes from a logical to a logical 1. Since the 
flip-flops are R-S master-slave circuits, the proper information must appear at the R-S inputs of each flip-flop prior to 
the rising edge of the clock input waveform. The serial input provides this information for the first flip-flop. The 
outputs of the subsequent flip-flops provide information for the remaining R-S inputs. The clear input, preset 1, and 
preset 2 must be at a logical when clocking occurs. 

This register is completely compatible for use with TTL and DTL logic circuits and when used with other TTL circuits, 
noise margins are typically one volt. Typical average power dissipation is 175 milliwatts, and propagation delay times 
from clock to output are typically 25 nanoseconds. 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply Voltage Vcc (See Note 1 ) 7 y 

Input Voltage Vjn (See Notes 1 and 2) 5 5 y 

Operating Free-Air Temperature Range: SN5494 Circuits -55°Cto125°C 

SN7494 Circuits 0°Cto70°C 

Storage Temperature Range -65°Cto150°C 

NOTES: 1. The voltage values are with respect to network ground terminal. 

2. Input signals must be zero or positive with respect to network ground terminal. 
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CIRCUIT TYPES SN5494, SN7494 
4.BIT SHIFT REGISTERS 



recommended operating conditions 

Supply Voltage Vcc (See Note 1): SN5494 Circuits 

SN7494 Circuits 

Normalized Fan-Out From Output 

Width of Clock Pulse, tp(ciock) 

Width of Clear Pulse, tp (clear) 

Width of Preset Pulse, tp(preset) 

Serial Input Setup Time: tsetup{1) 

tsetup(O) 

Serial Input Hold Time, thold 

NOTE: 1. These voltage values are with respect to network ground terminal. 

electrical characteristics over recommended operating temperature range (unless otherwise noted) 



MIN 


TYP 


MAX 


UNIT 


4.5 


5 


5.5 


V 


4.75 


5 


5.25 


V 


10 




35 


ns 


30 


ns 


30 


ns 


35 


ns 


25 


ns 








PARAMETER 


TEST 


CONDITIONS^ 


MIN 


TYPt 


MAX 


UNIT 


V|n(1) 


Input voltage required to ensure 
logical 1 at any input terminal 




2 


V 


V|n{0) 


Input voltage required to ensure 
logical at any input terminal 




0.8 


V 


Voutd) 


Logical 1 output voltage 


Vcc = MIN, 


l|oad = -400MA 


2.4 


3.5 




V 


Vout(O) 


Logical output voltage 


Vcc=MIN, 


'sink= 16 mA 




0.22 


0.4 


V 


lind) 


Logical 1 level input current at 
any input except preset 1 and 
preset 2 


Vcc = MAX, 


Vjn = 2.4 V 


40 


mA 


Vcc = MAX, 


Vjn = 5.5 V 


1 


mA 


'in(l) 


Logical 1 level input current at 
preset 1 and preset 2 


Vcc = MAX. 


V|n = 2.4 V 






160 


mA 


Vcc = MAX, 


Vjn = 5.5 V 


1 


mA 


lin(O) 


Logical level input current at 
any input except preset 1 and 
preset 2 


Vcc = MAX, 


Vin = 0.4 V 


-1.6 


mA 


'in(O) 


Logical level input current at 
preset 1 and preset 2 


Vcc = MAX, 


Vin=0.4V 


-6.4 


mA 


iqs 


Short-circuit input current§ 


Vcc = MAX, 


Vout = 


SN5494 


-20 




-57 


mA 


SN7494 


-18 




-57 


mA 


'cc 


Supply current 


Vcc = MAX 

— 


SN5494 




35 


50 


mA 


SN7494 




35 


58 


mA 



tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the 

particular circuit type. 
T All typical values are at Vqc = 5 V, T^ = 25°C. 
§ Not more than one output should be shorted at a time. 



switching characteristics, Vcc = 5 V, T;^ = 25° C, N = 10 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


fmax Maximum clock frequency 


CL = 15pF, RL = 400n 


10 


MHz 


Propagation delay time to 
tpdl logical 1 level from clock 
to output 


Cl = 15pF, RL = 400n 


25 40 


ns 


Propagation delay time to logical 

tpdO 

level from clock to output 


Cl = 15pF, RL = 400n 


25 40 


ns 


Propagation delay time to logical 

tndl 

*^ 1 level from preset to output 


Cl = 15pF, RL = 400n 


35 


ns 


Propagation delay time to logical 
^ level from clear to output 


Cl = 15pF, RL = 400n 


40 


ns 
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CIRCUIT TYPES SN5494, SN7494 
4.BIT SHIFT REGISTERS 



functional block diagram 



PRESETS 



PRESET 2 



PRESET 1 



2A IB 



20 ID 



L 1 I I . I I I T ! I I I I 




PRESET 
S QdI OUTPUT 
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CIRCUIT TYPES SN5494, SN7494 
4-BIT SHIFT REGISTERS 



schematic 








PRINTED IN U.S. A 

Tl cannot assume ony responsibilily fof any tircuils shown 

or represent that they ore free from patent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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CIRCUIT TYPES SN5495A. SN7495A 
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 



A TTL MSI PARALLEL-IN PARALLEL-OUT REGISTER 
for application as 
• N-Bit Serial-To-Parallel Converter • N-Bit Parallel-To-Serial Converter • N-Bit Storage Register 



description 



This monolithic shift register, utilizing transistor- 
transistor-logic (TTL) circuits in the familiar Series 
54/74 configuration, is composed of four R-S master- 
slave flip-flops, four AND-OR-INVERT gates, one 
AND-OR gate, and six inverters-drivers. Internal 
interconnections of these functions provide a versatile 
register which will perform right-shift or left-shift 
operations dependent upon the logical input level to 
the mode control. A number of these registers may be 
connected in series to form an n-bit right-shift or 
left-shift register. This register can also be used as a 
parallel-in, parallel-out storage register with gate 
(mode) control. 

When a logical level is applied to the mode control 
input, the number-1 AND gates are enabled and the 
number-2 AND gates are inhibited. In this mode the 
output of each flip-flop is coupled to the R-S 
inputs of the succeeding flip-flop and right-shift 
operation is performed by clocking at the clock 1 
input. In this mode, serial data is entered at the 
serial input. Clock 2 and parallel inputs A through D 
are inhibited by the number-2 AND gates. 

When a logical 1 level is applied to the mode control 
input, the number-1 AND gates are inhibited (de- 
coupling the outputs from the succeeding R-S inputs 
to prevent right-shift) and the number-2 AND gates 
are enabled to allow entry of data through parallel 
inputs A through D and clock 2. This mode permits 
parallel loading of the register, or with external 
interconnection, shift-left operation. In this mode, 
shift-left can be accomplished by connecting the 
output of each flip-flop to the parallel input of the 
previous flip-flop (Qp to input C, and etc.), and 
serial data is entered at input D. 



FLAT PACKAGE (TOP VIEW) 



-OUTPUTS - 



~\ CLOCK 1 CLOCK 2 
'D R-SHIFT L-SHIFT 



® ® ® ® ® © ® 




® ® ® ® ® ® ® 

SERIAL INPUT INPUT INPUT INPUT MODE GND 



JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



. OUTPUTS i CLOCK 1 CLOCK 2 

''Qa Qn O,, Qr 



D R-SHIFT L-SHIFT 




MODE GND 
CONTROL 



positive logic 

Mode control = f or right shift 

Mode control = 1 for left shift or parallel load 



Clocking for the shift register is accomplished through the AND-OR gate E which permits separate clock sources to be 
used for the shift-right and shift-left modes. If both modes can be clocked from the same source, the clock input may 
be applied commonly to clock 1 and clock 2. Information must be present at the R-S inputs of the master-slave flip- 
flops prior to clocking. Transfer of information to the output pins occurs when the clock input goes from a logical 1 
to a logical 0. 

This shift register is completely compatible with Series 54/74 TTL and DTL logic families. Average power dissipation 
is typically 195 milliwatts. The SN5495A and SN7495A are unilaterally interchangeable with and replace SN5495 and 
SN7495, respectively, but offer diode-clamped inputs, improved speed, and reduced power dissipation. 
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CIRCUIT TYPES SN5495A, SN7495A 
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 



absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply Voltage Vqc <See Note 1 ) 7 V 

Input Voltage Vjn. (See Notes 1 and 2) j • 5.5^V 

Operating Free-Air Temperature Range: SN5495A Circuits -55°Cto125°C 

SN7495A Circuits f^^°^°y 

Storage Temperature Range -65 C to 150 C 

recommended operating conditions 



Supply Voltage Vcc (See Note 1): SN5495A Circuits 

SN7495A Circuits 

Normalized Fan-Out From Each Output : High logic level .... 

Low logic level ■ . . . 

Width of Clock Pulse tnfclock) (See Figure 9): SN5495A Circuits • • 

^^ SN7495A Circuits . . 

Setup Time Required at Serial, A, B, C, or D Inputs tgetup (See Figure 9) 

Hold Time Required at Serial, A, B, C, or D Inputs thold (See Figure 9) 
Logical Level Setup Time Required at Mode Control (tl in Figure 10) 

(With Respect to Clock 1 input) 

Logical 1 Level Setup Time Required at Mode Control (t2 in Figure 10) 

(With Respect to Clock 2 input) 

Logical Level Setup Time Required at Mode Control (t3 in Figure 10) 

(With Respect to Clock 2 input) 

Logical 1 Level Setup Time Required at Mode Control {t4 in Figure 10) 

(With Respect to Clock 1 input) 



MIN 


NOM 


MAX 


UNIT 


4.5 


5 


5.5 


V 


4.75 


5 


5.25 


V 


20 




10 


20 


10 




ns 


15 


10 




ns 


10 


ns 





ns 


15 


ns 


15 


ns 


5 


ns 


5 


ns 



NOTES: 1. Voltage values are with respect to network ground terminal. 

2. Input voltages must be zero or positive with respect to network ground terminal. 

electrical characteristics over recommended operating temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS^ 


MIN 


TYPt MAX 


UNIT 


Vjnd) 


Input voltage required to ensure 
logical 1 at any input terminal 


1 and 3 




2 


V 


Vin(O) 


Input voltage required to ensure 
logical at any input terminal 


2 and 4 




0.8 


V 


Voutd) 


Logical 1 output voltage 


1 and 3 


Vcc = MIN, 


l|oad= -800 mA 


2.4 


V 


Vout(O) 


Logical output voltage 


2 and 4 


Vcc= M\N, 


•sink = 16 mA 


0.4 


V 


'in(O) 


Logical level input current at 
any input except mode control 


5 


Vcc = MAX, 


V|n = 0.4 V 


-1.6 


mA 


l|n(0) 


Logical level input current at 
mode control 


5 


Vcc = MAX, 


Vin = 0.4 V 


-3.2 


mA 


'in(1! 


Logical 1 level input current at 
any input except mode control 


6 


Vcc = MAX. 


Vin = 2.4 V 


40 


>^A 


Vcc = MAX, 


Vin = 5-5 V 


1 


mA 


lind) 


Logical 1 level input current at 
mode control 


6 


Vcc = MAX, 


Vin = 2.4 V 


80 


mA 


Vcc = MAX, 


Vin = 5.5 V 


1 


mA 


lOS 


Short-circuit output current! 


7 


Vcc = MAX 


-18 


-57 


mA 


Ice 


Supply current 


8 


Vcc = MAX 


39 


63 


mA 



particular circuit type. 
? All typical values are at V^c = 5 V, T/^ = 25°C. 
9 Not more than one output should be shorted at a time. 

switching characteristics, Vq^-. = 5 V, T^^ = 25° C, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS+ 


MIN 


TYP 


MAX 


UNIT 




Maximum shift frequency 


9 


Cl = 15pF, RL = 400n 


25 


36 




MHz 


tpdl 


Propagation delay time to logical 
1 level from clock 1 or clock 2 
to outputs 


9 


Cl = 15pF, RL = 400r2 




18 


27 


ns 


tpdO 


Propagation delay time to logical 
level from clock 1 or clock 2 
to outputs 


9 


Cl=15pF, RL = 400n 




21 


32 


ns 
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d-c test circuitst 



CIRCUIT TYPES SN5495A. SN7495A 
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 




CLOCKO- 



CLOCK 



t/i.S V 1.5 vV 

I-TESTV ,,,> 
out(l) 



FIGURE 1 



in(0)o_ 



OPEN < 



CLOCKO- 



^CC 



MODE 
CONTROL 
SERIAL 
INPUT A 



C C 

D 

CLOCK 1 D 

CLOCK 2 



X 



load 



OPEN 



® 



CLOCK 



J 



1.5 V 



2 20 ns 
FIGURES 



1.5 vV. 

iV OV 

'~^^TESTV^^^(,^ 



CC 



4.5 VO- 



in(0) 



SEE 
TEST 
TABLE 



MODE 
CONTROL 
SERIAL 
INPUT 

A 

B 

C 

D 

CLOCK 1 

CLOCK 2 



T 



S.OPEN 



Each input is tested separately. 



in(l)0- 



OPEN 



in(0)o- 



CLOCK, 



OPEN — 



"CC 



MODE 

CONTROL 

SERIAL 

INPUT A 

A 

B 

C 

D 

CLOCK 1 D 

CLOCK 2 



T 




sink 



:^ 



out(0VtN 

il 



CLOCK 



J 



3 V 



1.5 V 1 

2 20 ns - 



T_TI 



V 
TEST V 



out(O) 



FIGURE 2 



in(0) O- 



OPEN <; — I C 

D 



CLOCKO- 



'CC 



MODE 
CONTROL 
SERIAL 
INPUT 

A 
B 



CLOCK 1 D 



OPEN — CLOCK 2 



X 



sink 



^ 



v^ ^out{0) . 
OPEN 



J 



1.5 V 



2 20n 
FIGURE 4 



V--3V 

1.5 vV 

iV-OV 

'"^ ^TESTV^^(0) 



TEST TABLE 



TEST 


APPLY 4.5 V 


APPLY GND 


MODE CONTROL 


CLOCK 2 


NONE 


SERIAL INPUT 


NONE 


MODE CONTROL 


INPUT A 


MODE CONTROL 


NONE 


INPUT B 


MODE CONTROL 


NONE 


INPUT C 


MODE CONTROL 


NONE 


INPUT D 


MODE CONTROL 


NONE 


CLOCK 1 


NONE 


MODE CONTROL 


CLOCK 2 


MODE CONTROL 


NONE 



FIGURES 



t Arrows indicate actual direction of current flow. 
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PARAMETER MEASUREMENT INFORMATION 



d-c test circuits^ (continued) 



cc 



TEST TABLE 



4.5 VO- 



in(l) 



SEE 
TEST 
TABLE 



MODE 
CONTROL 
SERIAL 
INPUT 

A 

B 

C 

D 

CLOCK 1 . 

CLOCK 2 



^OPEN 



TEST 


APPLY 4.5 V 


APPLY GND 


MODE CONTROL 


NONE 


CLOCK 2 


SERIAL INPUT 


MODE CONTROL 


NONE 


INPUT A 


NONE 


MODE CONTROL 


INPUT B 


NONE 


MODE CONTROL 


INPUT C 


NONE 


MODE CONTROL 


INPUT D 


NONE 


MODE CONTROL 


CLOCK 1 


MODE CONTROL 


NONE 


CLOCK 2 


NONE 


MODE CONTROL 



FIGURES 



in(l)< 



OPEN — 



OPEN' 



CLOCK O- 




CLOCK 



V--3V 

1.5 vV 
I ^^ lV_ V 

2 20n$ ^ jT 



<y^n^ 



TESTl 



OS 



1 . Each outpuf is fejted separately. 
FIGURE? 



^in(l)0 



^nr., SERIAL 
OPEN _ INPUT A 



V:.,n^O 



in(0)O-t 



CLOCKO- 



CC 



'CC 



MODE 
CONTROL 



C 
D 
CLOCK 1 

CLOCK 2 



X 



.OPEN 



CLOCK 



J77V 



__ 3 V 



i 20 ns 
FIGURES 



1.5 vV 



ov 

TEST 



CC 



t Arrows indicate actual direction of current flow. 
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PARAMETER MEASUREMENT INFORMATION 



switching charateristics 



PULSE 

GENERATOR A 

(See Note 1) 



~r 



INPUTS 



A B 
9 O 



cc 



PULSE 

GENERATOR B 

(See Note 1) 



f^ 



OUTPUTS 

y ' V 

QaQb Qc Qd 
Q Q O 



CC 



2VO — O I 
I 



^Mo 



*1LP 



MODE 
CONTROL 
SERIAL 
INPUT 

A 

B 

C 

D 

CLOCK 1 

CLOCK 2 



A -4 



T 



TEST CIRCUIT 



r" 



1N3064 f 1N3064 1N3064 ' 
W N W I I 



Il5pF 



1N3064 



LOAD CIRCUIT 1 



LOAD CIRCUIT 2 
(Same a% Load Circuit 1) 



LOAD CIRCUIT 3 
(Same as Load Circuit 1) 



LOAD CIRCUIT 4 
(Same as Load Circuit 1) 



INPUT A I 

(DATA) I, 




INPUT B 
(CLOCK 1 OR 2) 



OUTPUTS 

Qa, Qb. Qc, or Qd 



out(l) 



out(O) 



VOLTAGE WAVEFORMS 



pdl 



NOTES: 1. The pulse generators have the following characteristics: V = 3 V, t, = t_ ^ 10 ns,and 

Z^_^ OS 50 n. For pulse generator A : t 2 20 ns and PRR = 500 kHz, For pulse generator B : t ^ 15 ns and 



out 



PRR = 1 MHz. When testing f vary PRR. 
max ' 

2. Voltage values are with respect to network ground terminal . 

3. C. includes probe and {ig capacitance. 

FIGURE 9-SWITCHING TIMES 
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PARAMETER MEASUREMENT INFORMATION 
recommended mode control setup times 



SERIAL 

INPUT i 

CLOCK 1 
INPUT 












- ^in(0) 

- ^in(l) 

- ^in(O) 

- ^in(l) 

V 

- in{0) 

- "^ind) 

- ^^10(0) 

_ ^out(l) 

- ^out(0) 


J 


4.1.5 V jci.sv 

\ — ^ 

1 Jn.5 V \l.5 V 1 


\ 
/ 





V 


CLOCK 2 
INPUT 






i 1 1 i 


/ 


MODE CONTROL 
INPUT 

OUTPUT Qa 
NOTE: Input A is 


1 


5V| 1 Jfl.5 Vj 1 \ 

i i/T i i V 

1 III 1 

1 1-^ l-»l t2 (<■- 1 

1 1 1 

- t3 -fc^ ^fr- t4 _«^ 


/ \ / 

VOLTAGE WAVEFORMS 
FIGURE 10-MODE CONTROL SETUP TIMES 
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CIRCUIT TYPES SN54L95, SN74L95 
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 



A SERIES 54L/74L PARALLEL-IN PARALLEL-OUT REGISTER 
for application as 

• N-Bit Serial-To-Parallel Converter • N-Bit Parallel-To-&rial Converter • N-Brt Storage Register 



description 



This monolithic shift register, utilizing transistor- 
transistor logic (TTL) circuits in the familiar Series 
54L/74L configuration, is composed of four R-S master- 
slave flip-flops, four AND-OR-INVERT gates, one AND- 
OR gate, and six inverter-drivers. Internal inter- 
connections of these functions provide a versatile register 
which will perform right-shift or left-shift operations 
dependent upton the logical input level to the mode 
control. A number of these registers may be connected in 
series to form an n-bit right-shift or left-shift register. This 
register can also be used as a parallel-in, parallel-out 
storage register with gate (mode) control. 



When a logical level is applied to the mode control 
input, the number 1 AND gates are enabled and the 
number 2 AND gates are inhibited. In this mode the 
output of each flip-flip is coupled to the R-S inputs of the 
succeeding flip-flop, right-shift operation is performed by 
clocking at the clock 1 input, and serial data is entered at 
the serial input. Clock 2 and parallel inputs A through D 
are inhibited by the number 2 AND gates. 



When a logical 1 level Is applied to the mode-control 
input, the number 1 AND gates are inhibited (decoupling 
the outputs from the succeeding R-S inputs to prevent 
right-shift) and the number 2 AND gates are enabled to 
allow entry of data through parallel inputs A through D 
and clock 2. This mode permits parallel loading of the 
register or, with external interconnection, shift-left 
operation. In this mode, shift-left can be accomplished by 
connecting the output of each flip-flop to the parallel 
input of the previous flip-flop (D output to input C, and 
etc.), and serial data is entered at input D. 

Clocking for the shift register is accomplished through the 
AND-OR gate E which permits separate clock sources to 
be used for the shift-right and shift-left modes. If both 
modes can be clocked from the same source, the clock 
input may be applied commonly to clock 1 and clock 2. 
Information must be present at the R-S inputs of the 
master-slave flip-flops prior to clocking. 



The shift register is completely compatible for use with 
TTL and DTL logic families. Average power dissipation is 
typically 19 milliwatts. 



FLAT PACKAGE (TOP VIEW) 



OUTPUT OUTPUT 



"T 5 — fflSSfy 

OUTPUT OUTPUT L-SHIFT 



® ® ® ® (S) 

l l LL ■ J 





© ® ® ® ® ® 



positive logic 

Mode Control = for right shift 

Mode Control = 1 for left shift or parallel load 



J CRN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



A A B CD aOCKZ 

INPUT OUTPUT OUTPUT GND OUTPUT OUTPUT L-SHIFT 



14 13 12 11 



IL J 



9 8 




INPUT INPUT 



positive logic 

Mode Control = for right shift 

Mode Control = 1 for left shift or parallel load 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply Voltage Vcc (See Note 1) 8 V 

Input Voltage, Vjn (See Notes 1 and 2) 5.5 V 

Operating Free-Air Temperature Range: SN54L95 Circuits -55°Cto 125°C 

SN74L95 Circuits 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 

2. Input voltages must be zero or positive with respect to network ground terminal. 
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recommended operating conditions 

Supply Voltage Vcc (See Note 1): SN54L95 Circuits 

SN74L95 Circuits 

Normalized Fan-Out From Each Output 

Width of Clock Pulse,tp(ciock) (See Figure 9) 

Logical 1 Setup Time Required at Serial, A, B, C, or D Inputs.t^etupd) (See Figure 9) 

Logical Setup Time Required at Serial, A, B, C, or D lnputs,tsetup(o) 

Hold Time Required at Serial, A, B, C, or D Inputs.thoid (See Figure 9) 

Logical Level Setup Time Required at Mode Control (t1 in Figure 10) 

(With Respect to Clock 1 Input) 
Logical 1 Level Setup Time Required at Mode Control (t2 in Figure 10) 

(With Respect to Clock 2 Input) 
Logical Level Setup Time Required at Mode Control (t3 in Figure 10) 

(With Respect to Clock 2 input) 
Logical 1 Level Setup Time Required at Mode Control (t4 in Figure 10) 

(With Respect to Clock 1 Input) 

NOTE: 1. Voltage values are with respect to network ground terminal. 



MIIM 


NOM 


MAX 


UNIT 


4.5 


5 


5.5 


V 


4.75 


5 


5.25 


V 


10 




200 


ns 


100 


ns 


120 


ns 





ns 


225 


ns 


200 


ns 





ns 


100 


ns 



electrical characteristics (over operating free-air temperature range unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS t 


MIN TYpI max 


UNIT 


Input voltage required to ensure 
'" logical 1 at any input terminal 


lands 




2 


V 


Input voltage required to ensure 
'" logical at any input terminal 


2 and 4 




0.7 


V 


Vout( 1 ) Logical 1 output voltage 


land 3 


Vcc = MIN, Vi„,i,=2V, 
Vin(0)=0.7V, l|oad = "100 mA 


2.4 


V 


Vout(O) Logical output voltage 


2 and 4 


Vcc = MIN, Vi„(i) = 2V, 
Vin(0)=0.7V, l^„,, = 2 mA 


0.16 0.3 


V 


Logical level input current at any 
'" input except mode control 


5 


Vcc = MAX. Vin = 0.3V 


-0.18 


mA 


Logical level input current at 
''"<°' mode control 


5 


Vcc = MAX, Vin = 0.3 V 


-0.36 


mA 


Logical 1 level input current at any 
input except mode control 


6 


Vcc = MAX, Vin = 2.4 V 


10 


HA 


Vcc = MAX, Vin = 5.5 V 


100 


mA 


Logical 1 level input current at 
'"*'' mode control 


6 


Vcc = MAX, Vin = 2.4 V 


20 


mA 


Vcc = MAX, Vin = 5.5 V 


200 


JiA 


Iqs Short-circuit output current § 


7 


Vcc = MAX, Vin = 4.5 V 


-3 -15 


mA 


'CC Supply current 


8 


Vcc = MAX, Vin(i)=4.5V 
Vin(O)=0 


3.8 9 


mA 



t For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions for 

the applicable device type. 
^ All typical values are at Vcc = 5 V, T^ = 25°C. 

i; Not more than one output should be shorted at a time, 

switching characteristics, Vqq = 5 V, T^ = 25° C, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Tmax 


Maximum shift frequency 


9 


Cl = 50pF, RL = 4kr2 


3 


5 




MHz 


*pd1 


Propagation delay time to logical 1 
level from clock 1 or clock 2 to 
outputs 


9 


Gl =50pF, RL = 4kn 




115 


200 


ns 


tpdO 


Propagation delay time to logical 
level from clock 1 or clock 2 to 
outputs 


9 


Cl = 50pF, RL = 4kn 




125 


200 


ns 



9-80 



CIRCUIT TYPES SN54L95, SN74L95 
4-BIT RIGHTSHIFT LEFT-SHIFT REGISTERS 



schematic 
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PARAMETER MEASUREMENT INFORMATION 



d-c test circuits^^ 



in(l)0-^ 



CLOCKO 




Vk3V 1.3 vV 

—J\ iV. OV 

L« 2 200 r.i »H 4 

I_TES 



out(1) 



1. Each output is tested separately. 

FIGURE 1 



in(l)0 



in(0)o 




J 



1.3V 1.3V 

200 PS. 



IV,. OV 

TEST V 



out(O) 



1. Each output is tested separately. 
FIGURE 2 



i(0)o- 



n(l)0- 



OPEN< _ 



CLOCKO- 



CC 
1_ 



MODE 

CONTROL 

SERIAL 

INPUT 



A B 

B 

C C 

D 

CLOCK 1 D 



OPEN— CLOCK 2 



X 



in(0) O-t 



T=^ 



S out(l 
OPEN 



fe 



CLOCKO- 



'CC 
1_ 



MODE 
CONTROL 
SERIAL 
INPUT 



CLOCK 1 D 



OPEN — CLOCK 2 



T 



^ 



V out(O) 
K)PEN 



5) 



J' 



CLOCK JC1.3V 1.3 

«) 2 200ns 



IV- OV 

L- TEST 



J 



1.3 V 1.3 V 

I 2 200 ns 



S: 



V 
EST V 



out(l) 



out(O) 



FIGURES 



FIGURE 4 



in(0) 



SEE 
TEST 
TABLE 



MODE 
CONTROL 
SERIAL 
INPUT 



C C 

D 

CLOCK 1 D 

CLOCK 2 



T 



S.OPEN 



TEST 


APPLY 4.5 V 


APPLY GND 


MODE CONTROL 


CLOCK 2 


NONE 


SERIAL INPUT 


NONE 


MODE CONTROL 


A INPUT 


MODE CONTROL 


NONE 


B INPUT 


MODE CONTROL 


NONE 


C INPUT 


MODE CONTROL 


NONE 


D INPUT 


MODE CONTROL 


NONE 


CLOCK 1 


NONE 


MODE CONTROL 


CLOCK 2 


MODE CONTROL 


NONE 



1. Eaph input is tested separately. 



FIGURES 



t Arrows indicate actual direction of current flow. 
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PARAMETER MEASUREMENT INFORMATION 



d-c test circuits'^ (continued) 



cc 



TEST TABLE 



4.5 V O- 



i"(1) 



V. <> 



SEE 

TEST 
TABLE 



MODE 

CONTROL 

SERIAL 





INPUT 


A 




A 


B 




B 






C 
D 


C 




CLOCK 1 


D 


H- 


CLOCK 2 





T 



>OPEN 



TEST 


APPLY 4.5 V 


APPLY GND 


MODE CONTROL 


NONE 


CLOCK 2 


SERIAL INPUT 


MODE CONTROL 


NONE 


A INPUT 


NONE 


MODE CONTROL 


B INPUT 


NONE 


MODE CONTROL 


C INPUT 


NONE 


MODE CONTROL 


D INPUT 


NONE 


MODE CONTROL 


CLOCK 1 


MODE CONTROL 


NONE 


CLOCK 2 


NONE 


MODE CONTROL 



1. Each input Is tested separately. 



FIGURES 



'CO 



OPEN — 



CLOCKO- 



MODE 
CONTROL 



SERIAL 
INPUT 



OPEN — CLOCK 1 D 



• CLOCK 2 



X 




CLOC 



«/ 



1.3V 1.3V 

?200 ns 



3 V 

V 
TEST I 



OS 



1. Each output Is tested separately. 



FIGURE 7 



CC 



'CC 



V r> 




MODE 
CONTROL 






in(l)°^ 








OPEN 


SERIAL 
INPUT 

A 
B 


A 

B 


V, 


\/ « 








^n(0)O-^ 






>OPEN 






c 


r 






' 


D 
CLOCK 1 


D 














, 








CLOCK 2 














I 
















FIGURES 



CLOCK 



_/rr. 



^-3V 

1.3 V*- 

rv—o V 

2 200 ns BH T 

TLtest i^^ 



t Arrows indicate actual direction of current flow. 
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switching characteristics 



PARAMETER MEASUREMENT INFORMATION 



PULSE 

GENERATOR A 

(See Note 1 ) 



T 



INPUTS 



A B 

Q Q 



OUTPUTS 



PULSE 

GENERATOR B 

(See Note I) 



2 VO — O I 




cc 



^v^ 



TEST CIRCUIT 



hold hold 



-4 

1N916 



-»-+l " W- 

-Lc, ± _ 1 



50pF__ 



1N916 






1N916 



-►H*- 



L 'T^ 30pF 



1N916 



LOAD CIRCUIT I 



LOAD CIRCUIT 2 
(Some as Load Circuit 1) 

~ To'ad'cTrcuit 3 

(Same OS Load Circuit I) 
LOAD CIRCUIT 4 



. (Same as Load Circuit 1) 1 



A INPUT I 

(DATA) 



3 V 




3 V 



oot(l) 



out(O) 



VOLTAGE WAVEFORMS 



pdl 



NOTES: 1. The pulse Qorierators have ttie following characteristics: t. = 10 ns to 12 ns, t- = 10 ns to 12 ns, and Z *^50fi. 

For pulse generator A : t > 150 nsand PRR < 500 kHz. For pulse generator B : t > 10 ns and PRR < 1 MHz. 

When testing f , vary PRR. 
" max 

2. Voltage values are with respect to network ground terminal. 

3, C. includes probe and jig capacitance. 



FIGURE 9 - SWITCHING TIMES 
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PARAMETER MEASUREMENT INFORMATION 
recommended mode control setup times 



SERIAL 

INPUT i 


/ 
J 


Vl.3V yi.3V 

1 Vi.av Vi.3v 1 


_^ 






CLOCK 1 
INPUT 

CLOCK 2 
INPUT 












MODE CONTROL 
INPUT 


-tA t 
1 


3vi i A.%y\ i \ 


/ 




1 III 1 

1 1 1 

- t3 -^ !.«— M -H 




A OUTPUT 


_J \_ 


_J \_ 



VOLTAGE WAVEFORMS 
NOTE: A Input isat Vjn(o). 

FIGURE 10-MOOE CONTROL SETUP TIMES 



in(l) 



V. 



in(0) 
n(l) 



'in(O) 



V. 



in(1) 



'in(O) 
^n(l) 



in(0) 



out(0) 



PRINTED IN U.S.A. 

Tl cannot assume any responsibility for any circuits shown 

or represent that they are free from patent infringement. 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 . DALLAS. TEXAS 75222 



9-85 



TTL 
MSI 



CIRCUIT TYPES SN5496, SN7496 
5-BIT SHIFT REGISTERS 



TTL MSI MULTIFUNCTION SHIFT REGISTERS 



• N-Bit Serial-To-Parallel Converter 
description 



for application as 
• N-Bit Parallel-To-Serial Converter 



N-Bit Storage Register 



JORN 
DUAL-IN-LINE PACKAGE {TOP VIEW) 



CLEAR A 



OUTPUTS 
B 



-^ OUTPUTS 

C GND D E 



SERIAL 
INPUT 





16 _ 


15 


. 14 


_ 13 . 


12 . 11 


.10-5 






1 , 


[ 1 , I _, 1 


1 


r-L-,1 


u 


1 


1 


1 1 1 










1 




1 1 




l» 


-■op S A '■— S B 

Jo T 1 T 


PRESET PSESET PRESEr 
— S C-*-- ! tt^—% E 
jO CLXK ^ CLOCK jC CLOCK 


- 








^CLfARl 


IclearT 


clear! 1 clear cuar 

^ ^ ^ 




I 


r 


^. ^ 


r: 


n 




r 


J 




1 




2 


3 


" 4 ■ 


5 " 6 


" 7 " f 







This shift register consists of five R-S master-slave 
flip-flops connected to perform parallel-to-serial or 
serial-to-parallel conversion of binary data. Since both 
inputs and outputs to all flip-flops are accessible, 
parallel-in/parallel-out or serial-in/serial-out operation 
may be performed. 

All flip-flops are simultaneously set to the logical 
state by applying a logical voltage to the clear 
input. This condition may be applied independent 
of the state of the clock input. 

The flip-flops may be independently set to the logical 
1 state by applying a logical 1 to both the preset 
input of the specific flip-flop and the common preset 
input. The preset-enable input is provided to allow 
flexibility of either setting each flip-flop independ- 
ently or setting two or more flip-flops simultan- 
eously. Preset is also independent of the state of 
the clock input or clear input. 

Transfer of information to the output pins occurs 

when the clock input goes from a logical to a 

logical 1 . Since the flip-flops are R-S master-slave 

circuits, the proper information must appear at the 

R-S inputs of each flip-flop prior to the rising edge 
I of the clock input voltage waveform. The serial in- 

I put provides this information to the first flip-flop, 

while the outputs of the subsequent flip-flops pro- 
vide information for the remaining R-S inputs. 

The clear input must be at a logical 1 and the preset 

input must be at a logical when clocking occurs. 

This shift register is completely compatible with 
Series 54/74 TTL and DTL logic families. Typically, 
average power dissipation is 240 milliwatts, and 
propagation delay time is 25 nanoseconds. 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply Voltage Vcc (See Note 1) 7V 

Input Voltage.Vjn (See Notes 1 and 2) 5.5 V 

Operating Free-Air Temperature Range: SN5496 Circuits -55°Cto125°C 

SN7496 Circuits 0°C to 70°C 

Storage Temperature Range -65°C to 1 50'*C 

NOTES: 1. These voltage values are with respect to network ground terminal. 

2. Input signals must be zero or positive with respect to network ground terminal. 



CLOCK A B C V 
^PRESETS -' 



CC 



D E PRESET 
PRESETS ENABLE 



positive logic: Low input at clear sets all outputs to 
logical 0. 
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CIRCUIT TYPES SN5496, SN7496 
S-BIT SHIFT REGISTERS 



recommended operating conditions 



Supply Voltage Vqc (See Note 1): SN5496 Circuits 

SN7496 Circuits 

Normalized Fan-Out from Output 

Width of Clock Pulse, tp(ciock) 

Width of Clear Pulse, tp(ciear) 

Width of Preset Pulse, tp(preset) 

Serial Input Setup Time, tsetup 

Serial Input Hold Time, t^old 



MIN TYP 


MAX 


UNIT 


4.5 5 


5.5 


V 


4 75 5 


5.25 


V 




10 




35 


ns 


30 


ns 


30 


ns 


30 


ns 





ns 



NOTE 1 : This voltage value is with respect to network ground terminal. 



electrical characteristics over recommended operating temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSf 


MIN TYPi MAX 


UNIT 


Vjp(-]) Logical 1 input voltage 




2 


V 


Vin(O) Logical input voltage 




0.8 




^out(l) Logical 1 output voltage 


Vcc = MIN, l|oad = -400MA 


2.4 3.5 


V 


^out(O) Logical output voltage 


Vcc = IVllN, lsin|<=16mA 


0.22 0.4 


V 


Logical 1 level input current at any 
input except preset-enable 


Vcc = IVIAX, Vjn = 2.4 V 


40 


HA 


Vcc = MAX, Vin = 5.5 V 


1 


mA 


l|n(1) Logical 1 level input current at preset-enable 


Vcc = MAX, Vin = 2.4 V 


200 


juA 


Vcc = MAX, Vjn = 5.5 V 


1 I mA 


Logical level input current at any 
input except preset-enable 


Vcc = MAX, Vin = 0.4V 


-1.6 ! mA 


lin(O) Logical level input current at preset-enable 


Vcc = MAX, Vjn = 0.4 V 


-8 mA 


Iqs Short-circuit output current! 


Vcc = MAX, Vout = 


SN5496 


-20 -57 


mA 


SN7496 


-18 -57 


mA 


Ice Supply current 


Vcc = MAX 


SN5496 


48 68 


mA 


SIM 7496 


48 79 


mA 



^ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the particular circuit 

type. 
^All typical values are at Vqq = 5 V, T^ = 25° C. 
S Not more than one output should be shorted at a time. 



switching characteristics, Vcc = 5 V, Ta = 25°C, N = 10 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


fmax Maximum clock frequency 


Cl= 15 pF, RL = 400n 


10 


MHz 


Propagation delay time to logical 1 

tnjjl 

^ level from clock to output 


Cl= 15 pF, RL = 400n 


25 40 


ns 


Propagation delay time to logical 
P level from clock to output 


Cl= 15 pF, RL = 400n 


25 40 


ns 


Propagation delay time to logical 1 level 
'^ from preset or preset-enable to output 


Cl= 15 pF, RL = 400n 


28 35 


ns 


Propagation delay time to logical 
'^ level from clear to output 


Cl= 15 pF, Rl = 400n 


55 


ns 
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CIRCUIT TYPES SN5496, SN7496 
5-BIT SHIFT REGISTERS 



functional block diagram 




CLOCK 
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CIRCUIT TYPES SN5496, SN7496 
5-BIT SHIFT REGISTERS 



schematic 




PRINTED IN U.S.A. 

Tl cannot assume any responsibility for any tiicuits shown 

or represent lliat they ore free from potent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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LOW-POWER 
TTL MSI 



CIRCUIT TYPES SN54L98, SN74L98 
4-BIT DATA SELECTORS/STORAGE REGISTERS 



JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



description 



These monolithic data selectors/storage registers are 
composed of four S-R master-slave flip-flops, four 
AND-OR-INVERT gates, one buffer, and six 
inverter/drivers. 

When the word select input is low, word 1 (A1, B1, 
CI, D1) is applied to the flip-flops. A high input to 
word select will cause the selection of word 2 
(A2, B2, C2, D2). The selected word is shifted to the 
output terminals on the negative-going edge of the 
clock pulse. 

Typical power dissipation is 25 mW. The SN54L98 is 
characterized for operation over the full military 
temperature range of -55°C to 125°C; the SN74L98 
is characterized for operation from 0°C to 70°C. 



-^ INPUT OUTPUT 



^CC °A °B °C D1 Qd clock select 





16 . 


15 . 


. 14 . 


.13 . 


. 12 . 


. 11 


. 10 _ 


9 






















l» 




Q;^ Og Oc D1 Qq clock 

WORD 
*2 SELECT 

A1 at B2 01 02 D2 
























1 


2 ■ 


' 3 ■ 


■ 4 


■ 5 


' 6 


7 


8 





A2 A1 81 82 C1 02 D2 . GND 



logic: See description 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vcc (see Note 1 ) 8 V 

Input voltage (see Notes 1 and 2) 5.5 V 

Operating free-air temperature range: SN54L98 Circuits -55°Cto125°C 

SN74L98 Circuits 0°Cto70°C 

Storage temperature range — 65°C to 150°C 

NOTES: 1 . Voltage values are with respect to network ground terminal. 

2. Input voltages must be zero or positive with respect to network ground terminal. 



recommended operating conditions 





SN54L98 


SN74L98 


UNIT 


MIN 


NOM 


MAX 


MIN 


NOM 


MAX 


Supply voltage Vqc 


4.5 


5 


5.5 


4.75 


5 


5.25 


V 


Normalized fan-out from each output, N 


10 


10 




Width of clock pulse, t^((.|Qc|() (see Figure 6) 


200 


200 


ns 


Setup time for high-level data, tsetup(H) 
(see Note 3 and Figure 6) 


at A, B, C, or D 


100 


100 


ns 


at word select 


150 


150 


Setup time for low-level data, tsetup(L) 
(see Note 3 and Figure 6) 


at A, B, C, orD 


120 


120 


ns 


at word select 


100 


100 


Operating free-air temperature range , Ta 


-55 


25 


125 





25 


70 


°C 



NOTE 3: Setup time is the interval Immediately preceding the negative-going edge of the clock pulse, during which interval the data to be 
recognized must be maintained at the input to ensure its recognition. 
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CIRCUIT TYPES SN54L98, SN74L98 
4-BIT DATA SELECTORS/STORAGE REGISTERS 



electrical characteristics over recommended operating free-air temperature range 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONSt 


MIN MAX 


UNIT 


V|H High-level input voltage 


1 and 2 




2 


V 


V|L Low-level input voltage 


1 and 2 




0.7 


V 


Vqh High-level output voltage 


1 


Vcc = MIN, loH=-100nA 


2.4 


V 


Vql Low-level output voltage 


2 


Vcc = MIN, loL = 2mA 


0.3 


V 


High-level input current into 
liu 

any input except word select 


3 


Vcc = MAX, V| = 2.4 V 


10 


mA 


Vcc = MAX, V| = 5.5 V 


100 


High-level input current into 

'iH 

word select 


3 


Vcc = MAX, V| = 2.4 V 


20 


mA 


Vcc = MAX, V|=5.5V 


200 


Low-level input current into 
l|L 

any input except word select 


3 


Vcc = MAX, Vi = 0.3 V 


-0.18 


mA 


Low-level input current into 
111 

word select 


3 


Vcc = MAX, V| = 0.3 V 


-0.36 


mA 


Iqs Short-circuit output current§ 


4 


Vcc = MAX 


-3 -15 


mA 


Ice Supply current 


5 


Vcc = MAX 


9 


mA 



^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type. 
§ Not more than one output should be shorted at a time. 



switching characteristics, Vcc = 5 V, Ta = 25°C, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


fmax 


Maximum clock frequency 


6 


Cl = 50pF, RL = 4kn 


3 


5 




MHz 


tPLH 


Propagation delay time, low-to- 
high-level output, from clock 
input 




115 


200 


ns 


tPHL 


Propagation delay time, high-to- 
low-level output, from clock 
input 




125 


200 


ns 
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CIRCUIT TYPES SN54L98, SN74L98 

4-BIT DATA SELECTORS/STORAGE REGISTERS 



functional block diagram 




CLOCK O 
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CIRCUIT TYPES SN54L98, SN74L98 
4-BIT DATA SELECTORS/STORAGE REGISTERS 



schematic 
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CIRCUIT TYPES SN54L98, SN74L98 

4-BIT DATA SELECTORS/STORAGE REGISTERS 



d-c test circuits"!" 



V||_0- 



WORO SELECT 



PARAMETER MEASUREMENT INFORMATION 



T 



^1' 



CLOCK •+■ 1.3 \ 



^ 



I*- '"SOO"" -^ t TESTVqh 

Each output is tested separately. 
FIGURE 1-V,„,V,L,Vo„ 



V||_0- 



WORD SELECT 



T 



CLOCK -jf- 1.3 V 









Each output is tested separately. 
FIGURE 2-V,„,V,L,VoL 



^° 



n 

^OL -±r 

i I 



TEST TABLE 



r 







WORD SELECT 














Al 














Bi Qa 


v^ 












B2 Og 










TEST 




CI 0(- 

C2 

01 

D2 

CLOCK 




ABLE 










y' 
















r 



APPLY 


TEST l,H 


TEST l|L 1 


APPLY 
4.5 V 


APPLY 
GND 


APPLY 
4.5 V 


APPLY 
GND 


A1,B1, 
C1,D1 


WORD 
SELECT 


NONE 


NONE 


WORD 
SELECT 


A 2, B2, 
C2, D2 


NONE 


WORD 
SELECT 


WORD 
SELECT 


NONE 


WORD 
SELECT 


NONE 


NONE 


NONE 


NONE 


CLOCK 


NONE 


NONE 


NONE 


NONE 













FIGURES 


'lH''lL 










Vcc 
o 


-^\-_-^" 




^CC 

o 

|cc 




V|hO- 


1 


1 


WORD SELECT 

Al 

A2 

Bl °A 

B2 Qg 

CI Qc 

C2 

Dl 

D2 






WORD SELECT 

Al 

A2 

Bl Qa 

B2 Og 

CI Q(, 

C2 

Dl 

D2 






( 










1 

1 

1 


^ 




1 








OPtN < 








o 


T 






( 


















^ 




» 


















CLOCK 




-- 




r 


4 




-it 1.3 V 1-3V-^ 


- 

. 0\, 




CLOCK 


-jP\2M 1.3V- 


\ r— OV 


|«- . 200 «■. -H 

Each output is testec 
FIGURE 4-lQg 


I TEST Iqs 

i separately. 


U- » 200 ns -*\ t TEST Ice 

FIGURE 5-1j,(, 



1^ Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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CIRCUIT TYPES SN54L98, SN74L98 
4-BIT DATA SELECTORS/STORAGE REGISTERS 



switching characteristics 



PARAMETER MEASUREMENT INFORMATION 



DATA 
INPUT 




CLOCK 

INPUT 



OUTPUTS 



CLOCK 

PULSE 

GENERATOR 

(See Note A) 



TEST CIRCUIT 



;i5ns— H h— 



-*«j \*- <15 ns 




~H tpHLr*~ "H Vlh '^~ 



VOLTAGE WAVEFORMS 

NOTES: A. The pulse generators have the following characteristics: Zq^j^ « 50 n. For data pulse generator: t^ > 150 ns, PRR < 500 kHz, 
tsetup(L) = 120 ns, and tsetup(H) = 100 "s. For clock pulse generator: t„ > 200 ns and PRR< 1 MHz. When testing f^nax- 
vary PRR. 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1N916. 



FIGURE 6-SWITCHING TIMES 
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LOW- POWER 
TTL MSI 



I« N-Bit Serial-to-Parallel Converter 

• N-Bit Parallel-to-Serial Converter 

• N-Bit Storage Register 

• J-K Serial Input 

description 

This monolithic integrated circuit, utilizing 
transistor-transistor logic (TTL) in the familiar 
Series 54L/74L configuration, is composed of four 
master-slave flip-flops and the necessary gating to 
provide a versatile shift register or parallel-iti, 
parallel-out storage register. The circuit has J and K 
inputs externally available. This permits the first stage 
to act as a J-K, D-, or T-type flip-flop as shown in the 
following table. For additional examples, see the 
function tables on the last page of this data sheet. 



CIRCUIT TYPES SN54L99, SN74L99 
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 



JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



Inputs at t^ 






Outputs at 


'n+1 




M J 


T<: 


Qa 


Qb Qc 


Qd 


Qd 


L L 


H 


QAn 


QAn QBn 


QCn 


QCn 


L L 


L 


L 


QAn QBn 


QCn 


QCn 


L H 


H 


H 


QAn QBn 


QCn 


QCn 


L H 


L 


QAn 


QAn QBn 


QCn 


QCn 



OUTPUTS 



Qa °b gnd Qc 



irijisUir 



13 



12 



10 



OC Qr 



CLOCK 2 
CLOCK 1 



MODE 
CONTROL 



"n"^ 



*f 


5 


6 



Vcc 



M CLOCK 
1 



positive logic: 

Mode control low for right-shift or serial loading 
Mode control high for left-shift or parallel loading 
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H = high level, L = low level 

NOTES: A. t^ = bit time before clock pulse 

B. tf,+ - = bit time after clock pulse 

C. Qyj^p = state of Q^ at t^, 

When a low-level input is applied to the mode control, the number 1 AND gates (see functional block diagram) are 
enabled and the number 2 AND gates are inhibited. In this mode, the output of each flip-flop is coupled to the S-R 
inputs of the succeeding flip-flop and right-shift operation is performed by clocking at the clock 1 input. Serial data is 
entered at the J-K inputs. Clock 2 and parallel inputs A through D are inhibited by the number 2 AND gates. 

When a high-level input is applied to the mode control, the number 1 AND gates are inhibited (decoupling the outputs 
from the succeeding S-R inputs to prevent right-shift) and the number 2 AND gates are enabled to allow entry of data 
through parallel inputs A through D and clock 2. This mode permits parallel loading of the register or, with external 
interconnection, shift-left operation. In this mode, shift-left can be accomplished by connecting the output of each 
flip-flop to the parallel input of the previous flip-flop (Qp to input C, and etc.), and serial data is entered at input D. 

Clocking for the shift register is accomplished through an AND-OR gate which permits separate clock sources to be 
used for the shift-right and shift-left modes. If both modes can be clocked from the same source, the clock input may 
be applied commonly to clock 1 and 2. An inverted output is available from the last flip-flop. 

This shift register is compatible for use with most TTL and DTL logic families. A number of these registers may be 
connected in series to form an n-bit right-shift or left-shift register. Average power dissipation is typically 19 mW. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vcc <see Note 1) ^^ 

Input voltage (see Notes 1 and 2) 5.5 V 

Operating free-air temperature range: SN54L99 Circuits -55°Cto125^C 

SN74L99 Circuits 0°C to 70°C 

Storage temperature range ~^^ C to 150 C 

NOTES: 1. Voltage values are with respect to network ground terminal. 

2. Input voltages must be zero or positive with respect to network ground terminal. 

270 
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CIRCUIT TYPES SN54L99, SN74L99 
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 



recommended operating conditions 





SN54L99 


SI\I74L99 


UNIT 


MIIM IMOM MAX 


MIN IMOM MAX 


Supply voltage S/qq 


4.5 5 5.5 


4.75 5 5.25 


V 


Fan-out from each output, N 


10 


10 




Width of clock pulse, t,„((;iock) (see Figure 10) 


200 


200 


ns 


Setup time for high-level data at J, K, 

A, B, C, or D inputs, tsetup(H) (see Note 3 and Figure 10) 


100 


100 


ns 


Setup time for low-level data at J, K, 

A, B, C, or D inputs, tsetup(L) (see Note 3 and Figure 10) 


120 


120 


ns 


Hold time required at J, K, A, B, C, or D inputs, 
t^iold (see Note 4 and Figure 10) 








ns 


Time to enable clock 1, tgnable 1 (see Figure 9) 


225 


225 


ns 


Time to enable clock 2, tgnable 2 (see Figure 9) 


200 


200 


ns 


Time to inhibit clock 1, tjnhibit 1 (see Figure 9) 


100 


100 


ns 


Time to inhibit clock 2, tjp,hjbit 2 (see Figure 9) 








ns 


Operating free-air temperature range, Ta 


-55 25 125 


25 70 


°C 



NOTES: 3. Setup time is the Interval immediately preceeding the negative-going edge of the clock pulse during which interval the data to be 
recognized must be maintained at the input to ensure its recognition. 
4. Hold time is the interval immediately following the negative-going edge of the clock pulse during which interval the data to be 
recognized must be maintained at the input to ensure its continued recognition. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS^ 


MIN TYP§ MAX 


UNIT 


ViH High-level input voltage 


1 thru 3 




2 


V 


V| L Low-level input voltage 


2 thru 4 




0.7 


V 


^OH High-level output voltage 


1 and 2 


Vcc = M!N, loH = -100 mA 


2.4 


V 


Vql Low-level output voltage 


3 and 4 


Vcc = MIN, loL = 2mA 


0.3 


V 


High-level input current into any 

'iH 

input except M or A 


5 


Vcc = MAX, V| = 2.4 V 


10 


mA 


Vcc = MAX, V| =5.5 V 


100 


l|l^ High-level input current into M or A 


5 


Vcc = MAX, V| = 2.4 V 


20 


HA 


Vcc = MAX, V| = 5.5 V 


200 


Low-level input current into any 
l|l_ 

input except M or A 


6 


Vcc = MAX, V| = 0.3 V 


-0.18 


mA 


1 1 L Low-level input current into M or A 


6 


Vcc= MAX, V| =0.3 V 


-0.36 


mA 


Iqs Short-circuit output current^] 


7 


Vcc = MAX 


-3 -15 


mA 


Ice Supply current 


8 


Vcc = MAX 


3.8 9 


mA 



+ For conditions shown as MIN or IVIAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
§This typical value is at Vqc = 5 V, T^ = 25° C. 
" Not more than one output should be shorted at a time. 

switching characteristics, Vcc = 5 V, Ta = 25°C, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


fmax Maximum clock frequency 


10 


CL = 50pF, RL = 4kn 


3 5 


MHz 


Propagation delay time, low-to-high- 

tpi H 

level output, from clock 1 or clock 2 


115 200 


ns 


Propagation delay time, high-to-low- 
tpHL 

level output, from clock 1 or clock 2 


125 200 


ns 
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CIRCUIT TYPES SN54L99, SN74L99 
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 



functional block diagram 
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CIRCUIT TYPES SN54L99, SN74199 
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 



schematic 




< 



m 5 



t a: 
< m 



^ 
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CIRCUIT TYPES SN54L99, SN74L99 
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 



d-c test circuits''' 



PARAMETER MEASUREMENT INFORMATION 



CLOCK 1 
CLOCK 2 



--N^Ol 



T 



i T 



jF' 



1.3 V X- 



Each output is tested separately. 

FIGURE 1-V|H,VoH 



g 



CLOCK 1 
CLOCK 2 






T 



V 



T 



£ 



>I 



FIGURE 2-V|H, V|l, Vqh 



EN / 



CLOCK 1 
CLOCK 2 



T 



T 

■^o 

i T 



^' 



{= 



CLOCK 1 
CLOCK 2 



T 



> 



£ 






£ 



^ 



Each output is tested separately. 

FIGURE 3-V|H, V|l, Vql 



\\_ 



FIGURE 4-ViL, Vol 



TEST TABLE 



SEE 
TEST 
TABLE 







T 






— 


M 

J 

K 

A 

B 

C 

D 

CLOCK 1 

CLOCK 2 


°A 

°C 
°D 




— 




— 













— 





I 



Each input is tested separately. 



APPLY V| 


APPLY 4.5 V 


APPLY GND 


M 


NONE 


CLOCK 2 


J 


Mand A 


CLOCK 2 
(Note) 


i< 


NONE 


NONE 


INPUT A 


NONE 


M and 
CLOCK 1 


INPUTS B, 
C, or D 


NONE 


M 


CLOCK 1 


M 


NONE 


CLOCK 2 


NONE 


M 



NOTE: Apply momentary high, then ground. 



FIGURE 5-l|H 

t Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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CIRCUIT TYPES SN54L99, $N74L99 
4-IIT RIGHT-SHIFT lEFT-SHIFT REGISTERS 



d-c test circuitst (continued) 



PARAMETER MEASUREMENT INFORMATION 



TEST TABLE 



SEE 

TEST 
TABLE 





T 
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Each input is tested separately. 



FIGURE 6-l|L 
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NOTES: A. Each output is tested_separatelv. 

B. When testing Qp or Qp, input D is connected to 4.5 V 
or ground, respectively. 

FIGURE 7-.Qg 
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FIGURE 8-lcc 



recommended clock enable/input times 
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NOTE: A input is at the low level. 



VOLTAGE WAVEFORMS 
FIGURE 9-CLOCK ENABLE/INHIBIT TIMES 



tArrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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CIRCUIT TYPES SN54L99, SN74L99 
4-IIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 



PARAMETER MEASUREMENT INFORMATION 



switching characteristics 




n 



'l< 4kn 



50 pF 
(See Note ts) 



30 pF X I 

^ I 

(See Note C) I I 

1 I 

- I 



LOAD CIRCUIT 1 



TEST CIRCUIT 



LOAD CIRCUIT 2 j 

(Same as Load Circuit 1 ) | 

LOAD CIRCUIT 3 i 

L ^ __ (Same as Load Circuit 1) i 

"" "" LOAD CIRCUIT 4 | 

I __ ___ (Same as Load Circuit II . I 
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(See Note D) 
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<15ns 



'OH 
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VOLTAGE WAVEFORMS 

NOTES: A. The pulse generators have the following characteristics: Z^ut " ^0 H. For data pulse generator: t^ > 150 ns, PRR <500 kHz, 
tsetup(L) = 120 ns, and tsetup(H) = 100 ns. Forelock pulse generator: X^> 200 ns and PRR<1 MHz. When testing fmax- 
vary PRR. 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1N916. 

D. When data input is applied to J and K inputs, the output waveform applies only to output Q^. 

FIGURE 10-SWiTCHING TIMES 
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CIRCUIT TYPES SN54L99, SN74L99 
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 



FUNCTION TABLES 



BIT 
TIME 



OPERATION 
AT NEXT 
BIT TIME 



MODE 

CONTROL 

M 



PARALLEL INPUTS 
A B C D 



SERIAL 
INPUTS 
J K 



Qa 



OUTPUTS 
Qb Qc Qq 



Qd 



TABLE 1-PARALLEL LOADING 



n 


Parallel load 


H 


An 


Bn 


Cn 


Dn 


X 


X 


X 


X 


X 


X 


X 


n+1 


Parallel load 


H 


An+1 


Bn+1 


Cn+1 


Dn+1 


X 


X 


An 


Bn 


Cn 


Dn 


Dn 


n+2 


Parallel load 


H 


H 


H 


L 


H 


X 


X 


An+1 


Bn+1 


Cn+1 


Dn+1 


Dn+1 


n+3 


Determined by M 


X 


X 


X 


X 


X 


X 


X 


H 


H 


L 


H 


L 



TABLE 2-J-R SERIAL LOADING AND RIGHT SHIFT 



n 


S.R., hold Qa 


L 


X 


X 


X 


X 


L 


H 


QAh 


QBn 


QCn 


QDn 


QDn 


n+1 


S.R., setQA lo 


L 


X 


X 


X 


X 


L 


L 


QAn 


QAn 


QBn 


QCn 


QCn 


n+2 


S.R., setQA hi 


L 


X 


X 


X 


X 


H 


H 


L 


QAn 


QAn 


QBn 


QBn 


n+3 


S.R., setQA hi 


L 


X 


X 


X 


X 


H 


H 


H 


L 


QAn 


QAn 


QAn 


n+4 


S.R., setQA lo 


L 


X 


X 


X 


X 


L 


L 


H 


H 


L 


QAn 


QAn 


n+5 


S.R., set Qa lo 


L 


X 


X 


X 


X 


L 


L 


L 


H 


H 


L 


H 


n+6 


S.R., toggle Qa 


L 


X 


X 


X 


X 


H 


L 


L 


L 


H 


H 


L 


n+7 


S.R., toggle Qa 


L 


X 


X 


X 


X 


H 


L 


H 


L 


L 


H 


L 


n+8 


Determined by M 


X 


X 


X 


X 


X 


X 


X 


L 


H 


L 


L 


H 





TABLE 3 


-SERIAL LOADING WITH D INPUT AND LEFT SHIFT (See Figure 


11) 








n 


S.L., setQp toDn 


H 


QBn QCn QOn Dn 


X X 


QAn 


QBn 


QCn 


QDn 


QDn 


n+1 


S.L., setQo lo 


H 


QCn QDn Dn L 


X X 


QSn 


QCn 


QDn 


-Dn 


Dn 


n+2 


S.U., setQ^hi 


H 


QDn Dn L H 


X X 


QCn 


QDn 


Dn 


L 


H 


n+3 


S.L., setQo hi 


H 


Dn L H H 


X X 


QDn 


Dn 


L 


H 


L 


n+4 


S.L., setQo lo 


H 


L H H L 


X X 


Dn 


L 


H 


H 


L 


n+5 


Determined by IVl 


X 


X X X X 


X X 


L 


H 


H 


L 


H 



H = high level, L = low level, X = irrelevant 
An = state of input A at bit time n 
S.R. = shift right, S.L. = shift left 
Qao ~ state of output Q^ at bit time n 
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FIGURE 11-CONNECTiONS FOR LEFT SHIFT 



,Q PRINTED IN U.S.A. 

Tl cannot assume any reiponsibility for any circuits shown 
or represent that they are free from patent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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CIRCUIT TYPES SN54194, SN74194 
4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS 



Parallel Inputs and Outputs 

Four Operating Modes: 

Synchronous Parallel Load 
Left Shift 
Right Shift 
Do Nothing 

Positive Edge-Triggered Clocking 

Direct Overriding Clear 



J OR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW1 + 







Vcc Qa Qb °c Qd clock si so 
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r-C CLEAR so 
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CLEAR SHIFT 


,A B , C D, 


SHIFT GND 


1 


SERIAL PARALLEL iNPUTS 
INPUT 


SERIAL 
INPUT 


positive logic: See description 



description 



I^Pin assignments for these circuits are the same for 
all packages. 



These bidirectional shift registers are designed to incorporate virtually all of the features a system designer may want in 
a shift register. The circuit contains 46 equivalent gates and features parallel inputs, parallel outputs, right-shift and 
left-shift serial inputs, operating-mode-control inputs, and a direct overriding clear line. The register has four distinct 
modes of operation, namely. 





MODE CONTROL | 


SI 


SO 


Parallel (Broadside) Load 


H 


H 


Shift Right (In the direction Qa toward QD) 


L 


H 


Shift Left (In the direction Qq toward Qa) 


H 


L 


Inhibit Clock (Do nothing) 


L 


L 



In the parallel-load mode, data is loaded into the associated flip-flop and appears at the outputs after the positive 
transition of the clock input. During loading, serial data flow js inhibited. Shift right is accomplished synchronously 
with the rising edge of the clock pulse when SO is high and SI is low. Serial data for this mode is entered at the 
shift-right data input. When SO is low and S1 is high, data shifts left synchronously and new data is entered at the 
shift-left serial input. Clocking of the flip-flops is inhibited when both mode-control inputs are low. Jhe mode controls 
should be changed only while the clock input is high. 

These four-bit shift registers are compatible with most other TTL and DTL logic families. All inputs are buffered to 
lower the drive requirements to one normalized Series 54/74 load, and input clamping diodes minimize switching 
transients to simplify system design. Maximum input clock frequency is typically 36 megahertz and power dissipation is 
typically 195 mW. 

The SN54194 is characterized for operation over the full military temperature range of -55°C to 125°C; the SN74194 
is characterized for operation from C to 70 C. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) -j y 

Input voltage (see Note 1) 55V 

Operating free-air temperature range: SN54 194 Circuits. -55°Cto125°C 

SN74194 Circuits 0°Cto70°C 

Storage temperature range — 65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 

recommended operating conditions 







SN54194 


SN74194 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vqc 


4.5 5 5.5 


4.75 5 5.25 


V 


Normalized fan-out from each output, N 


High iogic level 


20 


20 




Low logic level 


10 


10 


Input clock frequency, fdock 


25 


25 


MHz 


Width of clock or clear pulse, t,^ 


20 


20 


ns 


Setup time, tgetup (see Figure 1) 


Mode control 


30 


30 


ns 


Serial and parallel data 


20 


20 


ns 


Clear inactive-state 


25 


25 


ns 


Hold time at any input, Xy^Q\^ 








ns 


Operating free-air temperature, T^ 


-55 125 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDiTIONS^ 


MIN TYPt MAX 


UNIT 


V|n High-level Input voltage 




2 


V 


V|L Low-level input voltage 




0.8 


V 


l| Input clamp voltage 


Vcc = MIN, l|=-12mA 


-1.5 


V 


Vqh High-level output voltage 


Vcc = MIN, V|H = 2V, 
V|L = 0.8V, loH = -800juA 


2.4 


V 


Vol Low-level output voltage 


Vcc = MIN, VjH = 2V, 
V|L = 0.8V, loL=16mA 


0.4 


V 
mA 


1 j 1 nput current at maximum input voltage 


Vcc = MAX, V) = 5.5 V 


1 


1|H High-level input current 


Vcc = MAX, V| = 2.4 V 


40 


mA 


l|L Low-level input current 


Vcc = MAX, V| = 0.4 V 


-1.6 


mA 


Iqs Short-circuit output current§ 


Vcc = MAX 


SN54194 


-20 -57 


mA 


SN74194 


-18 -57 


'CC Supply current 


Vcc = MAX, See Note 2 


39 63 


mA 



NOTE 2: With ail outputs open, inputs A through D groundecl,and 4.5 V applied to SO, SI, clear, and the serial inputs, Iqc is tested with a 
momentary ground, then 4.5 V, applied to clock. 

tpor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type. 

+AII typical values are at Vqq = 5 V, T/^ = 25° C. 

SNot more than one output should be shorted at a time. 
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CIRCUIT TYPES SN54194. SN74194 

4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS 



switching characteristics, Vcc = 5 V, Ta = 25°C, N = 10 



PARAMETER 



Maximum input clock frequency 



tpHL Propagation delay time, high-to-low-level output from clear 
tpLH Propagation delay time, low-to-high-level output from clock 



tpHL Propagation delay time, high-to-low-level output from clock 



TEST CONDITIONS 



CL=15pF, RL = 400n, 
See Figure 1 



PARAMETER MEASUREMENT INFORMATION 



MIN TYP MAX 



25 36 



19 30 



14 



22 



17 26 



UNIT 



MHz 



TEST TABLE FOR SYNCHRONOUS INPUTS 



OUTPUT Q 



Vcc 



< Ri = 400n 
FROM < 

OUTPUT -==--< > — 1^ m — M — ^|— ^|- 

UNDER (See Note C) 

TEST ;±;cl=i5pf 

(See Note B) 



LOAD FOR OUTPUT UNDER TEST 



DATA INPUT 


SI 


SO 


OUTPUT TESTED 


FOR TEST 


(SEE NOTE E) 


A 


4.5 V 


4.5 V 


Qa at tn-H 


8 


4.5 V 


4.5 V 


Qb at tn+1 


C 


4.5 V 


4.5 V 


QC at tn+1 


D 


4.5 V 


4.5 V 


Qd at tn+1 


L Serial Input 


4.5 V 


OV 


Qa at tn+4 


R Serial input 


OV 


4.5 V 


Qq at tn+4 



tw{clear) 



CLEAR 



CLOCK 



DATA 
INPUT 
(SEE TEST 
TABLE) 



OUTPUT Q 



1^5v\^ ^1.5V 



-tsetup *j tn+1 



tn-H 



(See Note F) 



1.5 V 



\1.5V tM^SV \ yi.5V 

■ /! W? ^U\- the 



H-tw(clockH ^setup j* *^ _thoid ^;^ tsetup h-| 

I 



^ ^hold /-l}^ ^"^ 

1.5 V Jt I V 1.5 V /l.5vV 



tPHL 



■4*-*! 



£: 



-r| tpHL 



\- 



|*tPLH 



yTTT 



■& 



X 



1.5 V 



VOLTAGE WAVEFORMS 



3V 
OV 

3V 

OV 
3V 



OV 
VOH 

Vol 



JOTES A. The clock pulse has the following characteristics: t^(ciock) > 20 ns and PRR = 1 MHz. The clear pulse has the following charac- 
teristics: t>„(c|ear) > 20 ns and thold = "^- When testing f^ax, "^^V the clock PRR. 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1N3064. 

D. A clear pulse is applied prior to each test. 

E. Propagation delay times (tpLH and tpHu' ^re measured at tn+i . Proper shifting of data is verified at tn+4 '^ith a functional test. 

F. tp = bit time before clocking transition. 
tn+1 ^ t>'t time after one clocking transition. 
tn+4 = t)'t time after four clocking transitions. 

FIGURE 1 -SWITCHING TIMES 
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CIRCUIT TYPES SN54194, SN74194 
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functional block diagram 



PARALLEL OUTPUTS 
A 



CLEAR C 
CLOCK O- 




SHIFT 
RIGHT 
SERIAL 
INPUT 



V 



■V 



PARALLEL INPUTS 



typical clear, load, right-shift, left-shift, inhibit, and clear sequences 

-°- J-LJlJlJlJlXLrU IJIJIJ^^ 



MODE I so J 

CONTROL 

INPUTS I _. ~~'y 




PARALLEL 
DATA < 
INPUTS 



I I k 

CLEAR LOAD 



PRINTED IN USA. 

Tl connol assume any responsibilily for ony circuils shown 

or represent thai they are free from potent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBIE. 
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CIRCUIT TYPES SN54195, SN74195 
4-BIT PARALLEL-ACCESS SHIFT REGISTERS 



Synchronous Parallel Load 

Positive Edge-Triggered Clocking 

Parallel Inputs and Outputs from 
Each Flip-Flop 

Direct Overriding Clear 

J and K Inputs to First Stage 

Complementary Outputs from Last Stage 



J OR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW) + 



Qc Qd Od clock load 



mRRCT^UIilMT^ 



Qa Qb Qc Qd Qd clock 

CLEAR SHIFT/ 



iiii^niJiiJiLniJii 



SERIAL INPUTS PARALLEL INPUTS 






description 



'fpin assignments for these circuits are the same 
for all packages. 



These 4-bit registers feature parallel inputs, parallel outputs, J-K serial inputs, shift/load control input, and a direct 
overriding clear. The registers have two modes of operation: 

Parallel (Broadside) Load 

Shift (In direction Qa toward Olq) 

Parallel loading is accomplished by applying the four bits of data and taking the shift/load control input low. The data 
is loaded into the associated flip-flop and appears at the outputs after the positive transition of the clock input. During 
loading, serial data flow is inhibited. 



Shifting is accomplished synchronously when the shift/load control input is 
the J-R inputs. These inputs permit the first stage to perform as a J-K, D 
table. 



These shift registers are fully compatible with most 
other TTL and DTL families. All inputs are buffered 
to lower the drive requirements to one normalized 
Series 54/74 load, including the clock input. 
Maximum input clock frequency is typically 
39 megahertz and power dissipation is typically 
195 milliwatts. The SN54195 is characterized for 
operation over the full military temperature range of 
-55°C to 125°C; the SN74195 is characterized for 
operation from 0°C to 70° C. 



high. Serial data for this mode is entered at 
-, or T-type flip-flop as shown in the truth 

TRUTH TABLE 



Inputs at tp 




Outputs at 


tn+1 




J -K 


Qa 


Qb Oc 


Qd 


Qd 


L H 


QAn 


QAn QBn 


QCn 


QCn 


L L 


L 


QAn QBn 


QCn 


Qcn 


H H 


H 


QAn QSn 


QCn 


QCn 


H L 


QAn 


QAn QBn 


QCn 


QCn 



H = high 
NOTES: 



level, L = low level 

A. t„ = bit time before clock pulse 

B. tp+i = bit time after clock pulse 

C. Q^p, = state of Q^ at t^ 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) 7\/ 

Input voltage (see Note 1) 5.5 V 

Operating free-air temperature range: SN541 95 Circuits — 55°Cto125°C 

SN74195 Circuits 0°C to 70°C 

Storage temperature range -65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 



recommended operating conditions 





SN54195 


SN74195 


UNIT 


MIN NOM 


MAX 


MIN 


NOM 


MAX 


Supply voltage, Vqq 


4.5 5 


5.5 


4.75 


5 


5.25 


V 


Normalized fan-out from each output, N 


High logic level 


20 


20 




Low logic level 


10 


10 


Input clock frequency, fdock 





30 







30 


MHz 


Width of clock input pulse, tyy(ciock) 


16 


16 


ns 


Width of clear input pulse, tyy(Qiear) 


12 


12 


ns 


Setup time, tgetup (see Figure 1) 


Shift/load 


25 


25 


ns 


Serial and parallel data 


15 


15 


Clear inactive-state 


25 


25 


Shift/load release time, tre\exe ^^^ Figure 1) 


10 


10 


ns 


Serial and parallel data hold time, thojd (see Figure 1) 








ns 


Operating free-air temperature, T^ 


-55 


"= 







70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS^ 


MIN TYPt MAX 


UNIT 


V|H High-level input voltage 




2 


V 


V||_ Low-level input voltage 




0.8 


V 


l| Input clamp voltage 


Vcc = MIN. l| = -12mA 


-1.5 


V 


Vqh High-level output voltage 


Vcc = MIN, V|H=2V, 
V|L = 0.8V, loH = -800 mA 


2.4 


V 


Vql Low-level output voltage 


Vcc = MIN, V|H = 2V, 
V|L = 0.8V, loL=16mA 


0.4 


V 


l| Input current at maximum input voltage 


Vcc = MAX, V| = 5.5 V 


1 


mA 


l|IH High-level input current 


Vcc = MAX, V| = 2.4 V 


40 


mA 


1 1 L Low-level input current 


Vcc = MAX, V| = 0.4 V 


-1.6 


mA 


'OS Short-circuit output currenti 


Vcc = MAX 


SN54195 


-20 -57 


mA 


SN74195 


-18 -57 


•CC Supply current 


Vcc = MAX, See Note 2 


39 63 


mA 



NOTE 2: With all outputs open, shift/load grounded, and 4.5 V applied to the J, K, and data Inputs, l^c 's measured by applying a momentary 

ground, followed by 4.5 V, to clear, and then applying a momentary ground, followed by 4.5 V, to clock. 
Tpor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
$AII typical values are at V^c = 5 V, T/^ = 25''c. 
SNot more than one output should be shorted at a time. 
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CIRCUIT TYPES SN54195. SN74195 

4-BIT PARALLEL-ACCESS SHIFT REGISTERS 



switching characteristics, Vcc = 5 V, Ta = 25°C, N = 10 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


fmax Maximum input clock frequency 


CL=15pF, RL = 400n, 
See Figure 1 


30 


39 




MHz 


tpHL Propagation delay time, high-to-low-level output from clear 




19 


30 


ns 


tpLH Propagation delay time, low-to-high-level output from clock 


6 


14 


22 


ns 


tpHL Propagation delay time, high-to-low-level output from clock 


7 


17 


26 


ns 



PARAMETER MEASUREMENT INFORMATION 



OUTPUT Vcc 




(See Note C) 



FROM OUTPUT 
UNDER TEST 




LOAD FOR OUTPUT UNDER TEST 



CLEAR 



CLOCK 1.5 V 



DATA 
(See Note F) 



\l-5V jT^ 



SHIFT/LOAD 



tw(clear) 



" ^release 



•tn-H 



n ••— { 



•tn+1 



— 3V 

.- OV 

3V 



■•• — Mclock) ••H — thold J*H— thold 



■ tw( clock) 

[*''tsetup"*| I 



•^setup" 



1.5V 



_J*H— thold 
1 -- l*"tsetup"*| I 

(•""^setup H 
I I* *^ 

>|^1.5V ^1-5V| 



H ^release 



1.5 V 
^release 



-tPHL- 



K-tpuH- 



ASSOCIATED 
OUTPUT Q 



\l!l__/ 



-e^ 



k— tPHL- 



3V 
OV 
3V 
OV 



1.5 V 



VOLTAGE WAVEFORMS 



Yl VoH 

1.5 V 

Vol 



NOTES: A. The clock pulse has the following characteristics: tw(clock) > 16 ns and PRR = 1 MHz. The clear pulse has the following 
characteristics: t^„(ciear) > 12 ns and thold = "s. When testing f^ax. vary the clock PRR. 

B. Ci inlcudes probe and jig capacitance. 

C. All diodes are 1 N3064. 

D. A clear pulse is applied prior to each test. 

E. Propagation delay times (tpLH and ^PHL' are measured at tn+v Proper shifting of data Is verified at tn+4 with a functional test. 

F. J and K inputs are tested the same as data A, B, C, and D inputs except that shift/load input remains high. 

G. tp = bit time before clocking transition. 
tn+-j = bit time after one clocking transition. 
tn+4 ~ ''•t ■'■"'^ after four clocking transitions. 

FIGURE 1-SWITCHING TIMES 
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functional block diagram 



PARALLEL OUTPUTS 
A 



'Qa 

o 



Qb 



Qc 



rO- 



s Qa 



f Qa 

CLEAR 




SHIFT/ .J K, 

LOAD V- --/ 
CONTROL V 

SERIAL 
INPUT 



^ 



s Qb 




H>- 



S Qc 




qdQd 

P 



-cp>— S Qo — 



? 5o 

CLEAR 

— — 





i 



CLEAR CLOCK 



PARALLEL INPUTS 



typical clear, shift, and load sequences 



CLEAR 


1 1 














r^ J 


J 1 1— 




















INPUTS 1 K 


J 1 L_ 




\ 
















SHIFT/LOAD 








1 > 1 










( * 

B 

C 

D 


JM 1 1 




PARALLEL 








L 1 








DATA J 
















INPUTS 


1 M 1 1 












L 1 








-<. 






1 












^A 

Qb 
Qc 
Qd 






n 






-; 
















1 1 


.J 


"1 




OUTPUTS J 


-1 
















1 1 




1 


1 1 






-1 






1 1 










1 


J 


■ 1 1 






1 

1 

CLEAR 


1 
















r 




•1 
LOAD 


\m 







I PRINTED IN U.S.A. 

Tl cannol assume any responsibility for ony circuits shown 
or represent Ihot they are free from patent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
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CIRCUIT TYPES SN5491A, SN7491A 
8.BIT SHIFT REGISTERS 



• Digital Computer Systems 



logic 



MSI TTL SHIFT REGISTERS 
for applications in 

• Data-Handling Systems • 

w 

FLAT PACKAGE {TOP VIEW) 



Control Systems 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



*n j^n + sj 


A 


B Q 











1 


1 





I 


1 1 



Q Q INPUT A GND INPUT B CP NC 

® ® ® ® ® © ® 



NOTES: 

1. t = bit time before clock. 

n 

2. t = bit time after 8 clock pul 




\i 



t'^wwwWW 



I » I I T 

I© © © ® © ® © 

NC NC NC Vcc NC NC NC 




H^~W5 "hri^"^' "iris "iTT 

cpJ cpH cp»' cp>' cp*" 

-5 S — Q_sj— 5—0 S — Q S — I 



J 

Nc" NC NC NC V^ NC NC 



positive logic; Sea Truth Table 



description 



NC— No Internal Connection 



These monolithic serial-in, serial-out, 8-bit shift registers utilizing transistor-transistor logic (TTL) circuits, are 
composed of eight R-S master-slave flip-flops, input gating, and a clock driver. The register is capable of storing and 
transferring data at clock rates up to 18 MHz while maintaining a typical noise-immunity level of 1 volt. Power 
dissipation is typically 175 milliwatts, and a full fan-out of 10 is available from the outputs. 

Single-rail data and input control are gated through inputs A and B and an internal inverter to form the complementary 
inputs to the first bit of the shift register. Drive for the internal common clock line is provided by an inverting clock 
driver. Each of the inputs (A, B,and CP) appear as only one TTL input load. 

The clock pulse inverter/driver causes these circuits to shift information to the output on the positive edge of an input 
clock pulse, thus enabling the shift-register to be fully compatible with other edge-triggered synchronous functions. 

absolute maximum ratings (over operating temperature range unless otherwise noted) 

Supply Voltage Vcc (See Note 3) 7 V 

Input Voltage, Vjn (See Notes 3 and 4) 5.5 V 

Operating Free-Air Temperature Range: SN5491 A Circuits -55° C to 125 C 

SN7491A Circuits 0°C to 70°C 

Storage Temperature Range —65 Cto 150 C 

NOTES: 3. These voltage values are with respect to network ground terminal. 

4. Input signals must be zero or positive with respect to network ground terminal. 

recommended operating conditions (over operating temperature range) 



Supply Voltage Vcc (See Note 3); SN5491A Circuits 

SN7491 A Circuits 
Normalized Fan-Out From Outputs 
Width of Clock Pulse, tp(ciock) (See Figure 7) . . . 

Input Setup Time, tsetup (See Figure 7) 

Input Hold Time, thold (See Figure?) 



MIN 


NOM 


MAX 


UNIT 


4.5 


5 


5.5 


V 


4.75 


5 


5.25 


V 


10 




25 


ns 


25 


ns 
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CIRCUIT TYPES SN5491A, SN7491A 
S-BIT SHIFT REGISTERS 



electrical characteristics over operating temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS+ 


MIN 


TYPf 


MAX 


UNIT 


Vind) 


Input voltage required to 
ensure logical 1 at any 
input terminal 


1 




2 


V 


"^inlO) 


Input voltage required to 
ensure logical at any 
input terminal 


2 




0.8 


V 


Voutd) 


Logical 1 output voltage 


1 


Vcc=IVIIN, 


l|oad = -400/[iA 


2.4 


3.5 




V 


Vout(O) 


Logical output voltage 


2 


Vcc=MIN, 


'sink = 16 mA 




0.22 


0.4 


V 


■in(0) 


Logical level input current 


3 


Vcc = MAX, 


Vin = 0.4V 


-1.6 


mA 


'in(l) 


Logical 1 level Input current 


4 


Vcc = MAX. 


Vin = 2.4 V 


40 


H^ 


Vcc = MAX, 


Vin = 5.5 V 


1 


mA 


'OS 


Short-<Jircuit output current§ 


5 


Vcc = MAX. 


Vout = 


SN5491A 


-20 




-57 


mA 


SN7491A 


-18 




-57 


mA 


Ice 


Supply current 


6 


Vcc = MAX, 


Vin = 4.5 V 


SN5491A 




35 


50 


mA 


SN7491A 




35 


58 


mA 



' For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

circuit type. 
f All typical values are at Vqc = 5 V, T;^ = 25°C. 
§ Not more than one output should be shorted at a time. 



switching characteristics, \/qq = 5 V, T^ = 25° C, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


fmax Maximum shift frequency 




Cl = 15pF. RL = 400n 


10 18 


MHz 


Propagation delay time to 
^pdl logical 1 level from clock 
to output 


7 


Cl = 15pF. RL = 4(X)n 


24 40 


ns 


Propagation delay time to 
tp(jo logical level from clock 
to output 


7 


Cl=15pF, RL = 400n 


27 40 


ns 
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PARAMETER MEASUREMENT INFORMATION 



d-c test circuitst 



Vin(l) 



TEST 

PER 

TRUTH 

TABLE 

J AND 

NOTES 



— P>0 <Q 



vcc 



Q 4 



Q _ 



T 



SEE 
NOTES 



T^ 



.'load 



'out(l) 



11 



1 . Each output is tested separately. 

2. When testing Vout(l) <■"<' 'load' ground all inputs and the unused 
output, then measure parameters specified. 

FIGURE 1 



i;n(0} 



Vin(0) ' 



H>^ 



SEE 
NOTES 



Vcc 



CP 



T 



i>OPEN 



1 . When testing input A apply 4.5 V to input B. 
Z. When testing input B apply 4.5 V to input A. 

FIGURES 

Vcc 



p^ 



'■^D^ 



CP 



T 



SEE 
NOTE 



^ 



.'OS 



1 . Ground the unused output then measure parameter specified. 
FIGURE 5 



VinO) 
Vin(0) 



TEST 

PER 

TRUTH 

TABLE 

H AND 

NOTES 






CP 



T 



SEE 
NOTES 



Vout(0) 



■f Arrows indicote actual direction of current flow. 



1 . Each output is tested separately . 

2. When testing Vout(0) °"^ 'sinlc» ground all inputs. Apply a 
momentary ground to the output to be tested then measure parameteis 
specified. 

FIGURE 2 



in(l) 



'in(l) ' 



SEE 
NOTES 



^ 
£> 



^'CC 



T 



>.OPEN 



1 . When testing input A ground input B. 

2. When testing input B grourxJ input A. 

FIGURE 4 




'CC 



CLOCK 
PULSE O- 



{A 



jVcc 



>OPEN 



T 



CLOCK [r|R[T|[X][I1[^n[i ] ^MEASUR sfcC 



PULSE 



FIGURES 
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PARAMETER MEASUREMENT INFORMATION 



switching characteristics 



VCC = 5 V OUTPUT 
Q 



PULSE 
GENERATOR 
(See Note ij 
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INPUT AO- 
2.4 VO- 




LOAD CIRCUIT 1 
Vcc = 5 V 



-^ — w * w — w — ►fi 



I — — ___— — — 



_} LOAD CIRCUIT 2 

I SAME AS LOAD CIRCUIT 1 | 



TEST CIRCUIT 



CLOCK -PULSE 
INPUT 



INPUT A 



OUTPUT Q 



Jl 



1 2 thru 7 8 9 thru 15 16 17 18 19 thru 23 24 25 26 27 

[m":TiriJi::"jmjiJin::TinjiJirL 
\ L 



. TL..-. 



.....J L 




TYPICAL INPUT/OUTPUT WAVEFORMS 

!"•— PO(clock) 



CLOCK -PULSE 
INPUT 



pi(clock)- 



OUTPUT Q OR Q 

tpd(0) — i 

OUTPUT O OR Q 



1.5V 



INPUT 
A ORB 



INPUT 
A ORB 



Vout(0) 




PROPAGATION DELAY TIME VOLTAGE WAVEFORM 

NOTES: 1. The generator has the loilowing characleiislics; V,„|o| < 0.3 V, 

V,„(,| > 2.4 V, I, - t^- 10ns, tp,|ci„ci| ■= 500 ns, Ipoiciocki - 500 ns, 
Pin ~ 1 MHz, and Z„., -.-, 50 U. 
2. Cl Includes piobe and jig capacitance. 



•!• »holcJ(l) 
SWITCHING TIME VOLTAGE WAVEFORM 

3. Each output is tested seporately. 

4. Voltage values ore with respect to network ground terminal. 

5. All diodes are 1 N3064. 



FIGURE 7 -SN5491A/SN7491A SWITCHING TIMES 
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logic 



TRUTH TABLE 


t» 


tn + l 


A 


B 


Q 














1 





1 








1 


1 


1 



NOTES: 

1. tp = Bit time before clock pulse. 

2. tp+g = Bit time after 8 clock pulses. 

3. NC — No internal connection. 



T JORN 

FLAT PACKAGE (TOP VIEW) DUAL-IN-LINE PACKAGE (TOP VIEW) 



B GND A CP NC 



® ® ® ® ® © ® 




O ® ® ® (b ® ® 

NC NC NC V-~ NC NC NC 



B GND CP NC 



J^MMM^U^Y^ 




NC NC NC NC Vf-p NC NC 



positive logic: see truth table 



description 

This monolithic seriai-in, serial-out, 8-bit shift register utilizes low-power transistor-transistor logic (TTL) circuits. The 
shift register, composed of eight R-S master-slave flip-flops, includes input gating and a clock driver. The register is 
capable of storing and transferring data at typical clock rates of 6.5 MHz while maintaining a typical noise-immunity 
level of 0.9 volt. Power dissipation is typically 17.5 milliwatts, and full fan-out of 10 is available from the outputs. 

Single-rail data and input control are gated through inputs A and B and an internal inverter to form the complementary 
inputs to the first bit of the shift register. Drive for the internal common clock line is provided by an inverting clock 
driver. Each of the inputs (A, B, and clock) appear as only one low-power TTL input load. 

The clock pulse inverter/driver causes the register to shift information to the output on the positive edge of an input 
clock pulse, thus enabling the shift register to be fully compatible with edge-triggering flip-flops. 

recommended operating conditions 



Supply Voltage Vcq: SN54L91 Circuits 

SN74L91 Circuits 

Normalized Fan-Out From Each Output, N 

Input Setup Time, tsetup (See Figure 7) 

Input Hold Time, thold (See Figure 7) 

Width of Logical Level Clock Pulse, tpO(clock) (See Figure 7) 
Width of Logical 1 Level Clock Pulse, tpi(clock) (See Figure 7) 
Operating Free-Air Temperature Range, Ta: SN54L91 Circuits 

SN74L91 Circuits 



MIN 


NOM 


MAX 


UNIT 


4.5 


5 


5.5 


V 


4.75 


5 


5.25 


V 




10 




120 


ns 







150 


ns 


100 


ns 


-55 


25 


125 


°C 





25 


70 


°C 
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absolute maximum ratings over recommended operating free-air temperature range (unless otherwise noted) 

Supply Voltage Vqq (See Note 1 ) 8V 

Input Voltage, Vj^ (See Notes 1 and 2) 5.5 V 

Operating Free-Air Temperature Range: SN54L91 Circuits -SB^C to \2B°C 

SN74L91 Circuits 0°C to70°C 

Storage Temperature Range -65°Ctol50°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 

2. Input signals must be zero or positive with respect to network ground terminal. 



electrical characteristics (over recommended operating free-air temperature range unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS t 


MIN MAX 


UNIT 


„ input voltage required to ensure 
logical 1 at any input terminal 


1 




2 


V 


y Input voltage required to ensure 
logical at any input terminal 


2 




0.7 


V 


Vouiiii Logical 1 output voltage 


1 


Vcc == MIN, li,«i = -100/iA 


2.4 


V 


Vo«i(o| Logical output voltage 


2 


Vcc = MIN, l„rt = 2 mA 


0.3 


V 


lin|o| Logical level input current 


3 


Vcc = MAX, V,. = 0.3 V 


-0.18 


mA 


i,n|i| Logical 1 level input current 


4 


Vcc = MAX, V,. = 2.4 V 


10 


/<A 


Vcc = MAX, V,„ = 5.5 V 


100 


PlA 


los Short-circuit output current 


5 


Vcc = MAX, V,„ == 0, V„, = 


-3 -15 


mA 


Ice Supply current 


6 


Vcc = MAX, V^. = 5 V 


6.6 


mA 



fFor condiliont shown as MIN or MAX, use lh« oppropriole volue spMified under recomniended operating conditions for the opplicoble circuit type. 



switching characteristics, V^c = 5 V, T^ = 25*0, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Minimum width of logical level 
♦-*•"-" clock pulse 


7 


Cl = 50 pF, Ri = 4 kO 


105 


ns 


Minimum width of logical 1 level 
♦•""'"" clock pulse 


7 


Ci = 50 pF, Ri = 4 kn 


45 


ns 


J Propagation delay time to logical 
level from clock to output 


7 


Cl = 50 pF, Ri = 4 kfi 


100 150 


ns 


. Propagation delay time to logical I 
level from clock to output 


7 


Cl = 50 pF, Rl = 4 kn 


55 100 


ns 
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schematic 
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PARAMETER MEASUREMENT INFORMATION 



d-c test circuits§ 






V,„(,l 

VinlOl 



[^° ° 



CP 



SEE 
NOTES 
1 



() 



TEST 

PER 
TRUTH 
TABLE 

PAND 
NOTES 



1. Eoch output is tested separately. 

2. When testing Vo«i(i| and liwi, ground oil inputs and momentarily ground the 
unused output, then measure porometers specified. 

FIGURE 1 



4.5 V I 



VintOI 



SEE 
NOTES 






lin(Ol 



'OPEN 



1. When testing input A opply i.S V to input I. 

2. When testing input i opply 4.S V to input A. 



FIGURES 



Vcc 

1 







SEE 
NOTE 


A 


' Q 


" 


los 




R 


■- - 




r 


•»■ 




■• ■•.' 



1. Ground the unused output, then meosure parameters specified. 
FIGURES 



V in 111 
VinBt 



TEST 

PER 

TRUTH 

TABLE 

H AND 

NOTES 






Vcc 



SEE 
NOTES 



Ismk 



C) 



Vout(O) 



+ 4 + 



1. Each output is tested separately. 

2. When testing V„t|o| and \,m, ground all inputs. Apply a momentary ground 
to the output to be tested, then measure parameters specified. 

FIGURE 2 






findl 



SEE 
NOTES 



h4 



CP 



OPEN 



1. When testing Input A ground input I. 

2. Whtn testing input I ground input A. 



FIGURE 4 




OPEN 



FIGURES 



§Arrows Indicate actual direction of current flow. 
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PARAMETER MEASUREMENT INFORMATION 



switching characteristics 



VCC = 5 V OUTPUT r 
Q 



, ,(,• 



PULSE 
GENERATOR 
(See Note 1) 



INPUT AO- 
2.4 VO- 







S Q 



R Q 



I . . 



LOAD CIRCUIT 1 
Vcc=5V 

4 kO < R, 



a:. 



^^:::^50pF ^'• 



4-^*-m — W W 



X 



;30pF 



^ LOAD CIRCUIT 2 
'Jfd^AS LOAD CIRCUIT i j 



TEST CIRCUIT 



CLOCK-PULSE 
INPUT 



1 2 thru 7 8 9 thru 15 16 17 18 19 thru 23 24 25 26 27 

rLR":jinjT:";juuiriJT::"niuiJirL 



INPUT A 



OUTPUT Q 



A 



L..... 



. n 



J L 



TYPICAL INPUT/OUTPUT WAVEFORMS 



CLOCK-PULSE 
INPUT I 




■Vo(clock) H* Pl(clock) 



OUTPUT Q OR O 

Vd(l)_ 
OUTPUT Q OR Q 



CLOCK-PULSE 
INPUT 



INPUT 
A ORB 




1.3 V 



Vout{0) 
Vout(l) 



•'out(0) 



INPUT 
A ORB 




PROPAGATION DELAY TIME VOLTAGE WAVEFORMS 

NOTES: 1. The generator has the fallowing chorocteristics: Vi>,(o| < 0.3 V, 

¥^»(i| > i* V, 'i = '0= " "5. IpUeioc*) = 500 HI, tpo{ci.ct| = 500 ns, 
ftt < 1 MHz, and l„, »:: SO il. 
2. Cl includes probe ond jig copocitonce. 



I -n*- fhold(l) 

SWITCHING TIME VOLTAGE WAVEFORMS 

3. Each output is tested separately. 

4. Voltage values ore with respect to network ground terminal. 

5. All diodes ore 1N9U. 



FIGURE 7 - SN54L91/SN74L91 SWITCHING TIMES 
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JORN DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEWl^ 



• Gated (Enable/Disable) Serial Inputs 

• Fully Buffered Clock and Serial Inputs 

• Asynchronous Clear 

• Typical Maximum Input Clock 
Frequency ... 36 MHz 



TRUTH TABLE 
SERIAL INPUTS A AND B 



INPUTS 


OUTPUT 


ATtn 


ATtn+1 


A B 


Qa 


H H 


H 


L H 


L 


H L 


L 


L L 


L 



^CC ^ 



OUTPUTS 
A 



ic Qp °E CLEARCLOCK 



14 13 12 11 10 9 



^G '-'f Qe CLEAR 



CLOCK 



Qb Qc 



1 n 2 n 3 n 4 



5 



% Qc 



mrr 



GND 



SERIAL INPUTS 



V 

OUTPUTS 



Low input to clear resets all outputs 
to the low level. 



^Pin assignments for these circuits are the same for all 
packages. 



description 

These 8-bit shift registers feature gated serial inputs and an asynchronous clear. The gated serial inputs (A and B) permit 
complete control over incoming data as a low at either (or both) input(s) inhibits entry of the new data and resets the 
first flip-flop to the low level at the next clock pulse. A high-level input enables the other input which will then deter- 
mine the state of the first flip-flop. Data at the serial inputs may be changed while the clock is high, but only informa- 
tion meeting the setup requirements will be entered. Clocking occurs on the low-to-high-level transition of the clock 
input. 

All inputs are diode-clamped to minimize transmission-line effects, and are buffered to represent only one Series 54/74 
load which simplifies system design. Power dissipation is typically 21 milliwatts per bit. Maximum input clock fre- 
quency is typically 36 megahertz. 

The SN54164 is characterized for operation over the full military temperature range of -55°C to 125°C; the SN74164 
is characterized for operation from 0°C to 70° C. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) 7V 

Input voltage (see Note 1) 5.5 V 

Operating free-air temperature range: SN541 64 Circuits -55°Cto125°C 

SN74164 Circuits 0°Cto70°C 

Storage temperature range -65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 
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recommended operating conditions 




SN54164 


SN74164 


UNIT 


MIN 


NOM MAX 


MIN 


NOM MAX 


Supply voltage, Vcc 


4.5 


5 5.5 


4.75 


5 5.25 


V 


Normalized fan-out from each output, N 


High logic level 


10 


10 




Low logic level 


5 


5 


Input clock frequency, fdock 





25 





25 


MHz 


Width of clock or clear input pulse, tyy 


20 


20 


ns 


Data setup time, tgetup 'see Figure 1) 


15 


15 


ns 


Data hold time, thold (see Figure 1) 








ns 


Operating free-air temperature, T/\ 


-55 


25 125 





25 70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS+ 


SN54164 


SN74164 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|H High-level input voltage 




2 


2 


V 


V|L Lovtf-level input voltage 




0.8 


0.8 


V 


V| Input clamp voltage 


Vcc = MAX, l| = -12mA 


-1.5 


-1.5 


V 


Vqh High-level output voltage 


Vcc = MIN, V|H = 2V, 
V|L = 0.8V, Ioh = -400mA 


2.4 


2.4 


V 


Vol Low-level output voltage 


Vcc = MIN, V|H = 2V, 
V|L = 0.8V, loL = 8mA 


0.4 


0.4 


V 


l| Input current at maximum input voltage 


Vcc = MAX, V|=5.5V 


1 


1 


mA 


l|l-l High-level input current 


Vcd = MAX, V| = 2.4V 


40 


40 


mA 


l|L Low-level input current 


Vcc = MAX, V| = 0.4 V 


-1.6 


-1.6 


mA 


'OS Short-circuit output current § 


Vcc = MAX 


-10 -27.5 


-9 -27.5 


mA 


IqC Supply current 


Vcc = MAX, 
See Note 2 


V|(clock)=0.4V 


30 


30 


mA 


V|(clock) = 2.4V 


37 54 


37 54 



NOTE 2: Iqq Is measured with outputs open, serial inputs grounded, and a momentary ground, then 4.5 V, applied to clear. 

^For conditions shown at MIN or MAX, use the appropriate value specif led under recommended operating conditions for the applicable device 

type. 
tAII typical values are at Vqc = 5 V, T^ = 25° C. 
SNot more than two outputs should be shorted at a time. 

switching characteristics, Vcc = 5 V, Ta = 25°C, N = 5 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


^max Maximum input count frequency 


Rl_ = 800n, 
See Figure 1 


Cl= 15 pF 


25 


36 




MHz 


Propagation delay time, high-to-low-level 

tpHL 

Q outputs from clear input 


Cl= 15 pF 




24 


36 


ns 


CL=50pF 




28 


42 


Propagation delay time, low-to-high-level 
tpLH 

Q outputs from clock input 


Cl= 15 pF 


8 


17 


27 


ns 


Cl = 50pF 


10 


20 


30 


Propagation delay time, high-to-low-level 
tpui 

Q outputs from clock input 


Cl=15pF 


10 


21 


32 


ns 


Cl = 50 pF 


10 


25 


37 
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CIRCUIT TYPES SN54164, SN74164 

8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS 



typical clear. Inhibit, shift, clear, and inhibit sequences 

CLEAR I I 



i_r 




n 



1 

°c L 



OUTPUTS <^ 



1 

^D L 



I — I 

J L 



o.:::i 



J~L 



=F L 



Qh J. 



n 



CLEAR 

functional block dia^am 



I 

CLEAR 




^ B, CLOCK CLEAR 

SERIAL INPUTS 
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CIRCUIT TYPES SN54164, SN74164 
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS 



PARAMETER MEASUREMENT INFORMATION 



A AND B 

PULSE 

GENERATOR 



CLOCK 

PULSE 

GENERATOR 



CLEAR 

PULSE 

GENERATOR 



CLOCK 



X" 



TEST CIRCUIT 



OUTPUl 
Q 



^ 



R|_ = soon 



If W^W WW 



Cl 

(See Note B> 



tw(clear) 




CLOCK 
PULSE 

GENERATOR 
(PRR < 1 MHz) 



SERIAL INPUTS 
A AND B PULSE 
GENERATOR 
(PRR < 1 MHz) 



^w(clock 




^7— °' 



VOH 



Vol 



VOLTAGE WAVEFORMS 



NOTES: A. The pulse generators have the following characteristics: t^ < 10 ns, tf < 10 ns, duty cycle ^ 50%, Zg^t ^ ^^ ^■ 

B. C|_ includes probe and jig capacitance. 

C. Ail diodes are 1 N3064. 

D. Q^ output is illustrated. Relationship of serial input A and B data to other Q outputs is illustrated in the typical shift sequence. 

E. Outputs are set to the high level prior to the measurement of tp^L from the clear input. 

FIGURE 1-SWITCHING TIMES 
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CIRCUIT TYPES SN54L164, SN74L164 
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS 



Gated (Enable/Disable) Serial Inputs 

Fully Buffered Clock and Serial Inputs 

Asynchronous Clear 

Typical Maximum Input Clock 
Frequency ... 18 MHz 

Typical Power Dissipation ... 11 mW per Bit 



TRUTH TABLE 
SERIAL INPUTS A AND B 



J OR N DUAL-IN-LINE 
OR T FLAT PACKAGE (TOP VIEW)t 



INPUTS 


OUTPUT 


ATtn 


AT tn+1 


A B 


Qa 


H H 


H 


L H 


L 


H L 


L 


L L 


L 



OUTPUTS 
A 





Vcc 
14 _ 


13 




Qg 
12 




Qp 
11 . 


Qe^ 
. 10 . 


:learclock 

- 8 r^-^ 












o 








r- 


Qh °g °f Qe clear 

A CLOCK 

B Qa Qb Qc °d 






















' M 


I 




3 




^ 


.Hsf 


uy- 


■ 





GND 



serial INPUTS 



V 

OUTPUTS 



positive logic: See truth table 

Low input to clear sets all outputs to low level 



^Pin assignments for these circuits are the same for all packages. 



description 



These 8-bit shift registers feature gated serial inputs and an asynchronous clear. The gated serial inputs (A and B) permit 
complete control ov ' incoming data as a low at either (or both) input(s) inhibits entry of the new data and resets the 
first flip-flop to the low level at the next clock pulse. A high-level input enables the other input which will then 
determine the state of the first flip-flop. Data at the serial inputs may be changed while the clock is high, but only 
information meeting the setup requirements will be entered. Clocking occurs on the low -to-high-level transition of the 
clock input. 

The circuit is the same as for the SN54164/SN74164 except that all resistor values are doubled. All inputs are 
diode-clamped to minimize transmission-line effects, and are buffered to represent only one-half of one normalized 
Series 54/74 load, or approximately five Series 54L/74L loads at a low logic level, two Series 54L/74L loads at a high 
logic level. Power dissipation is typically 11 milliwatts per bit. Maximum input clock frequency is typically 18 
megahertz. 

The SN54L164 is characterized for operation over the full military temperature range of — 55°C to 125°C; the 
SN74L164 is characterized for operation from 0°C to 70°C. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) 7V 

Input voltage (see Note 1) 5.5 V 

Operating free-air temperature range: SN54L1 64 Circuits — 55°Cto125°C 

SN74L1 64 Circuits 0°C to 70°C 

Storage temperature range -65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 
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CIRCUIT TYPES SN54L164, SN74L164 
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS 



recommended operating conditions 









SN54L164 


SN74L164 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vqc 


4.5 5 5.5 


4.75 5 5.25 


V 


Normalized fan-out from each output, N 


Series 54L/74L Gates 


20 


20 




Series 54L/74L Gates 
with 8-kn 
base resistorsf 


High logic level 


10 


10 




Low logic level 


5 


5 


Input clock frequency, f clock 


12 


12 


MHz 


Width of clock or clear input pulse, t^ 


40 


40 


ns 


Data setup time, tjetup (see Figure 1) 


30 


30 


ns 


Data hold time, thoid (see Figure 1) 








ns 


Operating free-air temperature, T/^ 


-55 125 


70 


°C 



K This applies for all inputs of circuit types SN54L164 and SN74L164. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


SN54L164 


SN74L164 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


V|H High-level input voltage 




2 


2 


V 


V|L Low-level input voltage 




0.8 


0.8 


V-, 


Vf 1 nput clamp voltage 


Vcc = MAX, l| = -12mA 


-1.5 


-1.5 


V 


Vqh High-level output voltage 


Vcc = MIN. V|H = 2V, 

V| L = 0.8 V, Iqh = -200 juA 


2.4 


2.4 


V 


Vql Low-level output voltage 


Vcc = MIN, ^V|H = 2V, 
V|L = 0.8V, loL = 4mA 


0.4 


0.4 


V 


l| Input current at maximum input voltage 


Vcc = MAX, Vi = 5.5 V 


1 


1 


mA 


l|l^ High-level input current 


Vcc = MAX, V|=2.4V 


20 


20 


mA 


IjL Low-level input current 


Vcc = MAX, V|=0.4V 


-0.8 


-0.8 


mA 


'OS Short-circuit output current§ 


Vcc = MAX 


-5 -20 


-4 -20 


mA 


Ice Supply current 


Vcc = MAX, See Note 2 


27 


27 


mA 



NOTE 2: \cc '^ measured with outputs open, serial inputs grounded, the clock input at 2.4 V, and a momentary ground, then 4.5 V, applied to 

clear. 
^For conditions shown at MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type. 
§ Not more than two outputs should be shorted at a time. 



switching characteristics, Vqc = 5 V, Ta = 25°C, N = 5 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


ffnax Maximum input count frequency 


Rl_ = 800n, 
See Figure 1 


Cl = 15 pF 


12 18 


MHz 


Propagation delay time, high-to-low-level 

tpui 

Q outputs from clear input 


Cl= 15 pF 


72 


ns 


CL = 50pF 


84 


Propagation delay time, low-to-high-level 

tpi u 

Q outputs from clock input 


Cl= 15pF 


8 54 


ns 


CL = 50pF 


10 60 


Propagation delay time, high-to-low-level 
tp(-|i 

Q outputs from clock input 


C|_= 15 pF 


10 64 


ns 


Cl = 50 pF 


10 74 
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CIRCUIT TYPES SN54L164, SN74L164 

8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS 



typical clear. Inhibit, shift, clear, and inhibit sequences 




Qb L 



OUTPUTS ^ 



% L 



>=:::i 



o.:::i 



2 ' 

-'g L 



=„:::i 



L_r~L 



1_J~L 



J~L 



CLEAR 

functional block diagram 



OUTPUT 
Q 




A B . CLOCK CLEAR 



SERIAL INPUTS 
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CIRCUIT TYPES SN54L164, SN74L164 
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS 



PARAMETER MEASUREMENT INFORMATION 



A AND B 

PULSE 

GENERATOR 



CLOCK 

PULSE 

GENERATOR 



CLEAR 

PULSE 

GENERATOR 



vcc 
9 



■X 



TEST CIRCUIT 



OUTPUT 
Q 



^ 



Rl = 800 il 



i , t W* WW» f 



Cl 

(See Note B) 



'w(ciear) 




CLOCK 
PULSE 

GENERATOR 
(PRR < 1 MHz) 



SERIAL INPUTS 
A AND B PULSE 
GENERATOR 
(PRR < 1 MHz) 




Vol 



VOLTAGE WAVEFORMS 



NOTES: A. The pulse generators have the following characteristics: t^ < 10 ns, tf < 10 ns, duty cycle < 50%, Zout ** ^^ ^- 

B. Ci_ includes probe and jig capacitance. 

C. All diodes are 1N916. 

D. O^ output is illustrated. Relationship of serial input A and B data to other Q outputs is illustrated in the typical shift sequence. 

E. Outputs are set to the high level prior to the measurement of tp(^L from the clear input. 

FIGURE 1-SWlTCHING TIMES 



^. PRINTED IN U.S. A 

Tl connot assume ony responsibility for any circuits shown 
or represent that they are free from patent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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CIRCUIT TYPES SN54165, SN74165 
PARALLEL-LOAD 8-BIT SHIFT REGISTERS 



Typical Maximum Input Clock 
Frequency ... 26 MHz 

Complementary Outputs 

Direct Overriding Load (Data) Inputs 

Gated Clock Inputs 

Parallel-LO-Serial Data Conversion 



JOR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW) + 



description 



The SN54165 and SN74165 are 8-bit serial shift registers 
which shift the data to the right when clocked. Parallel-in 
access to each stage is made available by eight individual 
direct data inputs which are enabled by a low level at the 
shift/ioad input. These registers also feature gated ciocl< 
inputs and complementary outputs from the eighth bit. 



PARALLEL INPUTS 



SERIALOUTPUT 



Vq(. INHIBIT 'd C B a' input Qh 




i 1 1 1 


- 




CLOCK D C B A SERIAL 
INHIBIT IN 

SHIFT/ 
" LOAD °H 

CLOCK E F G H Qh 






12 3 4 5 6 7 8 



PARALLEL INPUTS 



h , output gnd 
Qh 



positive logic: see description 



tpin assignments for these circuits are the same for 
all packages. 

Clocking is accomplished through a 2-input positive-NOR gate, perm ittin. one input to be used as a clock-inhibit 
function. Holding either of the clock inputs high inhibits clocking, and heading either clock input low with the load 
input high enables the other clock input. The clock-inhibit input should he changed to the high level only while the 
clock input is high. Parallel loading is inhibited as long as the load input is high. When taken low, data at the parallel 
inputs are loaded directly into the register independently of the state of the clock. 

All inputs are diode-clamped to minimize transmission-line effects, thereby simplifying system design. Power dissipation 
is typically 210 milliwatts and maximum input clock frequency is typically 26 megahertz. The SN54165 is 
characterized for operation over the full military temperature range of -55°C to 125°C; the SN74165 is characterized 
for operation from 0°C to 70°C. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) 7V 

Input voltage (see Note 1) 5.5 V 

Interemitter voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN541 65 Circuits — 55°Cto125°C 

SN741 65 Circuits 0°Cto70°C 

Storage temperature range — 65°C to 1 50°C 

NOTES: 1. Voltage values, except interemitter voltage, are vuith respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies to the shift/load input 
in conjunction with the clock or clock-inhibit inputs. 

recommended operating conditions 





SN54165 


SN74165 


UNIT 


MIN 


NOM 


MAX 


MIN 


NOM 


MAX 


Supply voltage, Vqc 


4.5 


5 


5.5 


4.75 


5 


5.25 


V 


Normalized fan-out from eacii output, N 


High logic level 


20 


20 




Low logic level 


10 


10 


Input clock frequency, f clock 







20 







20 


MHz 


Width of clock input pulse, I^IqIqci^) 


25 


25 


ns 


Width of load input pulse, ty,,(|oad) 


15 


15 


ns 


Clock-enable setup time, tjetup 'see Figure 1 ) 


30 


30 


ns 


Parallel input setup time, tgetup 'see Figure 1) 


10 


10 


ns 


Serial input setup time, tjetup 'see Figure 2) 


20 


20 


ns 


Shift setup time, tjetup (see Figure 2) 


45 


45 


ns 


Hold time at any input, t^old 








ns 


Operating free-air temperature, T/\ 


-55 


25 


125 





25 


70 


°C 
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CIRCUIT TYPES SN54165, SN74165 
PARALLEL-LOAD 8-BIT SHIFT REGISTERS 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 







TEST CONDITIONS^ 


SN54165 


SN74165 


UNIT 


PARAMETER 


MIN TYP± MAX 


MIN TYPt MAX 


V|H High-level input voltage 




2 


2 


V 


V|L Low-level input voltage 




0.8 


0.8 


V 


Vi Input clamp voltage 


Vcc = I^AX, l| = -12mA 


-1.5 


-1.5 


V 


Vqh High-level output voltage 


Vcc = MIN, V|H = 2V, 
V|L = 0.8V, loH = -800 mA 


2.4 


2.4 


V 


Vql Low-level output voltage 


Vcc = MIN, V|H = 2V, 
V|L = 0.8V, loL = 16mA 


0.4 


0.4 


V 


l| Input current at maximum input voltage 


Vcc = MAX, V| = 5.5 V 


1 


1 


mA 


||l^ High-level input current 


Load input 


Vcc = MAX, V| = 2.4V 


80 


80 


HA 


Other inputs 


40 


40 


||1_ Low-level input current 


Load input 


Vcc = MAX, V|=0.4V 


-3.2 


-3.2 


mA 


Other inputs 


-1.6 


-1.6 


Iqs Short-circuit output current§ 


Vcc = MAX 


-20 -55 


-18 -55 


mA 


Ice Supply current 


Vcc = MAX, See Note 3 


42 63 


42 63 


mA 



NOTE 3: With the outputs open,clock inhibit and shift/load at 4.5 V, and a clock pulse applied to the clock input, Iqc "^ measured first with 

the parallel inputs at 4.5 V, then with the parallel inputs grounded, 
fpof conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
Jam typical values are at Vcc = 5 V, T^ = 25°C. 
§Not more than one output should be shorted at a time. 

switching characteristics, Vcc = 5 V, Ta = 25°C, N = 10 



PARAMETER^ 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


^max 






CL=15pF, RL = 400n, 
See figures 1 thru 3 


20 26 


MHz 


tPLH 


Load 


Any 


21 31 


ns 


tPHL 


27 40 


tPLH 


Clock 


Any 


16 24 


ns 


tPHL 


21 31 


tPLH 


H 


Qh 


11 17 


ns 


24 36 


tPHL 


tPLH 


H 


Qh 


18 27 


ns 


18 27 


tPHL 



"fmax — Maximum input count frequency 
tpLH = Propagation delay time, low-to-high-level output 
tpHL= Propagation delay time, high-to-low-level output 
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CIRCUIT TYPES SN54165, SN74165 
PARALLEL-LOAD S-BIT SHIFT REGISTERS 



typical shift, load, and inhibit sequences 



CLOCK INHIBIT 
SERIAL INPUT 



SHIFT/LOAD 



S 



OUTPUT On 



- 








1 

1 
p 1 

ll H 1 




1 L 




] 
l| H 1 




1 L 








' L 




ll H 1 




ll H 1 








1 1 1 

1 1 1 

1 1 1 


L ^ m ^ m ^ m ^ 1 



h- 



SERIAL SHIFT 



functional block diagram 




SERIAL SHIFT/ CLOCK CLOCK 

INPUT LOAD INHIBIT 
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CIRCUIT TYPES SN54165, SN74165 
PARALLEL-LOAD 8-BIT SHIFT REGISTERS 



PARAMETER MEASUREMENT INFORMATION 



I ! 
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CIRCUIT TYPES SN54166, SN74166, SN54198, 

SN74198, SN54199/SN74199 

8-BIT SHIFT REGISTERS 



description 

These 8-bit shift registers are compatible with most other TTL, DTL, and MSI logic families. All inputs are buffered to 
lower the drive requirements to one normalized Series 54/74 load, and input clamping diodes minimize switching 
transients to simplify system design. Maximum input clock frequency is typically 35 megahertz and power dissipation is 
typically 360 mW. 



All Series 54 devices are characterized for operation over the full military temperature range of -55°C to 125°C; all 
Series 74 devices are characterized for operation from 0°C to 70°C. 



SN54166andSN74166 

These parallel-in or serial-in, seria|-out shift registers have a 
complexity of 77 equivalent gates on a monolithic chip. 
They feature gated clock inputs and an overriding clear 
input. The parallel-in or serial-in modes are established by 
the shift/load input. When high, this input enables the serial 
data input and couples the eight flip-flops for serial shifting 
with each clock pulse. When low, the parallel (broadside) 
data inputs are enabled and synchronous loading occurs on 
the next clock pulse. During parallel loading, serial data 
flow is inhibited. Clocking is accomplished on the 
low-to-high-level edge of the clock pulse through a 
two-input positive NOR gate permitting one input to be 
used as a clock-enable or clock-inhibit function. Holding 
either of the clock inputs high inhibits clocking; holding 
either low enables the other clock input. This, of course, 
allows the system clock to be free-running and the register 
can be stopped on command with the gate input. The 
clock-inhibit input should be changed to the high level only 
while the clock input is high. A buffered, direct clear input 
overrides all other inputs, including the clock and sets all 
flip-flops to zero. Average power dissipation per gate is 
typically 4.7 mW. 

SN54198 and SN74198 

The bidirectional registers are designed to incorporate 
virtually all of the features a system designer may want in a 
shift register. These circuits contains 87 equivalent gates 
and feature parallel inputs, parallel outputs, right-shift and 
left-shift serial inputs, operating-mode-control inputs, and a 
direct overriding clear line. The register has four distinct 
modes of operation, namely: 

Parallel (Broadside) Load 
Shift Right (In the direction Qa toward Qh) 
Shift Left (In the direction Qh toward Qa) 
Inhibit Clock (Do nothing) 

Synchronous parallel loading is accomplished by applying 
the eight bits of data and taking both mode control inputs. 
So and Si, high. The data is loaded into the associated 
flip-flop and appears at the outputs after the positive 
transition of the clock input. During loading, serial data 
flow is inhibited. 



SN54166 and SN74166 

J OR N DUAL-IN-LINE 

OR W FLAT PACKAGE (TOP VIEW)t 



PARALLEL PARALLEL INPUTS 

SHIFT/ INPUT OUTPUT/ ^ > 

^CC LOAD H Qh G F E CLEAR 
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. 12 


. 11 
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SHIFT/ H Ou G F E 
LOAD 

SERIAL riFAR 
INPUT ULtAK 

CLOCK 
A B C D INHIBIT CLOCK 


>- 






















1 


2 




3 


■ 4 


5 ■ 


■ 6 ■ 


7 " 


8 





SERIAL A 
INPUT 



PARALLEL INPUTS 



D CLOCK CLOCK GND 
INHIBIT 



positive logic: See description 



SN54198 and SN74ig8 

J OR N DUAL-IN-LINE 

OR W FLAT PACKAGE (TOP VIEW) + 



•CC "1 INPUT '■ "H " "G "^ '-'F = "E '-l-tAM 
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Od clock 






± 
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1 1 







"nimtiJiiJiiJiArtinini^^ 



SHIFT 
RIGHT 
SERIAL 
INPUT 



Qg INPUT Q(s INPUT Qq CLOCK GND 



positive logic: See truth table for mode control (Sq, S-j) 



"''Pin assignments for these circuits 
packages. 



ire the same for all 
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CIRCUIT TYPES SN54166, SN74166, SN54198, SH74198, SN54199, SN74199 

8-BIT SHIFT REGISTERS 



SN54198/SN74198 
OPERATION OF MODE CONTROL 



INPUTS 


MODE 


Si 




So 


L 




L 


INHIBIT CLOCK 


L 




H 


SHIFT RIGHT 


H 




L 


SHIFT LEFT 


H 




H 


PARALLEL LOAD 



SN54199andSN7419g 

J OR N DUAL-IN-LINE 

OR W FLAT PACKAGE (TOP VIEW) + 



'L.L. LUAU M "n tj "tj ^ "h t "t ULtAK CLOCK 
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Qe clear 
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CLOCK 
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! 1 





ilTT^m^lifwmwm^ 



NPUT Q^ INPUT Qg INPUT Q^ INPUT Qp CLOCK 



SIM54198 and SN74198 (continued) 

Shift right is accomplished synchronously with the rising 
edge of the clock pulse when Sq is high and Si is low. Serial 
data for this mode is entered at the shift-right data input. 
When So is low and Si is high, data shifts left synchro- 
nously and new data is entered at the shift-left serial input. 

Clocking of the flip-flop is inhibited when both mode 
control inputs are low. The mode controls should be 
changed only while the clock input is high. 

Average power dissipation per gate is typically 4.1 5 mW. 

SN54199 and SN74199 

These synchronous 8-bit registers feature parallel inputs, 
parallel outputs, J-K serial inputs, shift/load control input, 
a direct overriding clear line, and gated clock inputs. The 
register has three modes of operation: 

Parallel (Broadside) Load 

Shift (In the direction Qa toward Qh) 

Inhibit Clock (Do nothing) 

Parallel loading is accomplished by applying the eight bits 
of data and taking the shift/load control input low when 
the clock input is not inhibited. The data is loaded into the 
associated flip-flop and appears at the outputs after the 
positive transition of the clock input. During loading, serial 
data flow is inhibited. 

Shifting is accomplished synchronously when shift/load is 
high and the clock input is^not inhibited. Seria[data for this 
mode is entered at the J-K inputs. See the J-K inputs truth 
table for states required to enter serial data into the first 
flip-flop. 

Both of the clock inputs are identical in function and may 
be used interchangeably to serve as clock or clock-inhibit 
inputs. Holding either high inhibits clocking, but when one 
is held low, a clock input applied to the other input is 
passed to the eight flip-flops of the register. The 
clock-inhibit input should be changed to the high level 
only while the clock input is high. 

These shift registers contain the equivalent of 79 TTL gates. 
Average power dissipation per gate is typically 4.55 mW. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vcc (see Note 1) 7V 

Input voltage (see Note 1) 5.5 V 

Operating free-air temperature range: 

SN54166,SN54198, and SN54199 Circuits -55°Cto125°C 

SN74166,SN74198, and SN74199 Circuits 0°C to 70°C 

Storage temperature range ~65 Cto 150 C 



SERIAL INPUTS 



positive logic: See description 



Tpin assignments for these circuits are the sanne 
for all packages. 

SN54199/SN74199 

TRUTH TABLE 

J-FC INPUTS 



INPUTS 


OUTPUT 


attn 


tn-H 


J K 


Qa 


L H 


QAn 


L L 


L 


H H 


H 


H L 


QAn 



H = high level, L = low level 
NOTES; A. t^ = bit time before clock pulse 
B. tn+1 = bit time after clock pulse 



NOTE 1 : Voltage values are with respect to network ground terminal. 
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CIRCUIT TYPES SN54166, SN74166, SN54198, SN74198, SN54199, SN74199 
8-BIT SHIFT REGISTERS 

recommended operating conditions 





SN 54166 
SN54198 
SN54199 


SN74166 
SN74198 
SN74199 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


Normalized fan-out from each output, N 


High logic level 


20 


20 




Low logic level 


10 


10 


Input count frequency, fcount 


25 


25 


MHz 


Width of clock or clear pulse, t^^ (see Figure 1 ) 


20 


20 


ns 


Mode-control setup time, tjetup 


30 


30 


ns 


Data setup time, tjetup 'see Figure 1 ) 


20 


20 


ns 


Hold time at any input, t^old (see Figure 1 ) 








ns 


Operating free-air temperature, T/\ 


-55 25 125 


25 70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS^ 


SN54166 
SN54198 
SN5419g 


SN74166 
SN74198 
SN74199 


UNIT 


MIN TYP* MAX 


MIN TYPt MAX 


V||-i High-level input voltage 




2 


2 


V 


V||_ Low-levelinput voltage 




0.8 


0.8 


V 


V 1 1 nput clamp voltage 


Vcc = MAX, l|=-12mA 


-1.5 


-1.5 


V 


VoH High-level output voltage 


Vcc = MIN, V|H = 2V, 
ViL = 0.8V, loH = -800 mA 


2.4 


2.4 


V 


Vql Low-level output voltage 


Vcc = MIN, V|H = 2V, 
V|L = 0.8V, loL=16mA 


0.4 


0.4 


V 


l| Input current at maximum input voltage 


Vcc = MAX, V| = 5.5V 


1 


1 


mA 


l|H High-level input current 


Vcc = MAX, V| = 2.4 V 


40 


40 


mA 


l|L Low-level input current 


Vcc = MAX, V| = 0.4V 


-1.6 


-1.6 


mA 


IqS Short-circuit output current§ 


Vcc = MAX 


-20 -57 


-18 -57 


mA 


Ice Supply current 


Vcc = MAX, See Table Below 


72 104 


72 116 


mA 



For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
I^AII typical values are at \/qq = 5 V, T^ = 25° C. 
SNot more than one output should be shorted at a time. 

TEST CONDITIONS FOR Ice 
(ALL OUTPUTS ARE OPEN.) 



TYPE 


APPLY 4.5 V 


FIRST GROUND, 
THEN APPLY 4.5 V 


GROUND 


SN 54166, SN74166 


Serial Input 


eiock 


All other inputs 


SN 54198, SN74198 


Serial Input, So,S-| 


eiock 


Clear, Inputs A thru H 


SN54199, SN74199 


J, K, Inputs A thru H 


eiock 


Clock Inhibit, Clear, Shift/Load 
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CIRCUIT TYPES SN54166, SN74166, SN54198, SN74198, SN54199, SN74199 

8-BIT SHIFT REGISTERS 



SWI 



itching characteristics, Vcc = 5 V, Ta = 25°C, N = 10 



PARAMETER 



tPHL 



Maximum input count frequency 
Propagation delay time, high-to- 
low-level output from clear 



tPHL 



Propagation delay time, high-to- 
low-level output from clock 



Propagation delay time, low-to- 
high-level output from clock 



TEST CONDITIONS 



Cl = 15pF, RL = 400n, 

See Figure 1 



SN54166,SN74166 



typical clear, shift, load, inhibit, and shift sequences 



MIN TYP MAX 



25 35 



35 



30 



26 



MHz 



CLOCK INHIBIT 




I h 



TJ" 




SERIAL SHIFT ■ 



-^ |*-INH1BIT-^ li SERIAL SHIFT- 
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CIRCUIT TYPES SN54166, SN74166, S||54]9g^ SN74198, 51154199^ SN74199 
8-BIT SHIFT REGISTERS 



SN54198,SN74198 
typical clear, load, right-shift, left-shift, inhibit, and clear sequences 
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CIRCUIT TYPES SN54166, SN74166, SN54198, SN74198, SN541W, SN74199 

8-BIT SHIFT REGISTERS 



SN54199, SN74199 
typical clear, shift, load, and inhibit sequences 



r 



3: 



I I 



J 



HE I 

_J L_ _l L_, 'z 



Jr 



r 



Id 



T3 



r 



r- r- 
I 1 1 



1 1 
1 1 



r' 

I I 

I I 



J \°. 



II I 
1 1 I 

I X 

g / 



< < £ 
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CIRCUIT TYPES SN54166, SN74166, SN54198, SN74198, SN54199, SN74199 
8-BIT SHIFT REGISTERS 



functional block diagrams 



SN54166,SN74166 



pgpff 




SN54198, SN74198 




SN54199,SN74199 
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CIRCUIT TYPES SN54166, SN74166, SN54198, SN74198, SN54199, SN74199 

8-BIT SHIFT REGISTERS 



PARAMETER MEASUREMENT INFORMATION 



OUTPUT Q 



FROM 
OUTPUT 
UNDER 
TEST 



)VCC 



WW W 



(See Note C) 



^Cl= 15 pF 
(See Note B) 



LOAD FOR OUTPUT UNDER TEST 

SN54ig8, SN74198 
TEST TABLE FOR SYNCHRONOUS INPUTS 



DATA INPUT 


Si 


So 


OUTPUT TESTED 


FOR TEST 


(SEE NOTE E) 


A 


4.5 V 


4.5 V 


Qa at tn+1 


B 


4.5 V 


4.5 V 


Qb at tn+1 


C 


4.5 V 


4.5 V 


Qcattn+1 


D 


4.5 V 


4.5 V 


Qq at tn+1 


E 


4.5 V 


4.5 V 


Qe at tn+1 


F 


4.5 V 


4.5 V 


Qf at tn+1 


G 


4.5 V 


4.5 V 


QG at tn+1 


H 


4.5 V 


4.5 V 


Qh at tn+1 


L Serial Input 


4.5 V 


OV 


Qa at tn+8 


R Serial Input 


OV 


4.5 V 


Qh at tn+8 



'w(clear) 



CLEAR PULSE 



\J: 



SN54166,SN74166 
TEST TABLE FOR SYNCHRONOUS INPUTS 



DATA INPUT 
FOR TEST 


SHIFT/LOAD 


OUTPUT TESTED 
(SEE NOTE E) 


H 


OV 


Qnattn^+I 


Serial 
Input 


4.5 V 


Qh at tn+8 



SN54199, SN74199 
TEST TABLE FOR SYNCHRONOUS INPUTS 



DATA INPUT 
FOR TEST 


SHIFT/LOAD 


OUTPUT TESTED 
(SEE NOTE E) 


A 


OV 


Qa at tn+1 


B 


OV 


Qb at tn+1 


C 


OV 


QC at tn+1 


D 


OV 


Qq at tn+1 


E 


OV 


Qe at tn+1 


F 


OV 


Qp at tn+1 


G 


OV 


Qg at tn+1 


H 


OV 


Qh at tn+1 


JandK 


4.5 V 


Qh at tn+8 



tn h 



CLOCK PULSE 1.5 



15v/ I \^5V /l5V \ /l5V \ 




VOLTAGE WAVEFORMS 

NOTES: A. The clock pulse has the following characteristics: ty„(clock) ^ 20 ns and PRR = 1 MHz. The clear pulse has the following 
characteristics: tw(clear) ^ 20 ns and t^oid = ns. When testing fmaX' ^^''V the clock PRR. 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1 N3064. 

D. A clear pulse is applied prior to each test. 

E. Propagation delay times (tpLH and tpHL) are measured at tn+i- Proper shifting of data is verified at tp+g with a functional test. 

F. tn = bit time before clocking transition 
tn+1 ~ '-''t time after one clocking transition 
tn+8 ~ '^'t time after eight clocking transitions 

FIGURE 1 



,. PRINTED IN U.S.A. 

Tl cannot assume any responsibility for any circuits shown 
or represent thol they are free from potent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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CIRCUIT TYPES SN54184, SN54185A, SN74184, SN74185A 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 



SN54184, SN74184 BCD-TO-BINARY CONVERTERS 
SN54185A, SN74185A BINARY-TO-BCD CONVERTERS 



description 



These monolithic converters are derived from the 
custom MSI 256-bit read-only memories SN5488 and 
SN7488. Emitter connections are made to provide 
direct read-out of converted codes at outputs Y8 
through Y1 as shown in the truth tables. These 
converters demonstrate the versatility of a read-only 
memory in that an unlimited number of reference 
tables or conversion tables may be built into a system 
using economical, customized read-only memories. 
Both of these converters comprehend that the least 
significant bits (LSB) of the binary and BCD codes 
are logically equal, and in each case the LSB bypasses 
the converter as illustrated in the typical applications. 
This means that a 6-bit converter is produced in each 
case. Both devices are cascadable to N bits. 



J OR N DUAL-IN-LINE OR 
W FLAT PACKAGE (TOP VIEW)t 



BINARY SELECT 





vcc 
16 . 


G 

15 


' E 

. 14 


D 

13 


c 
12 


B 
11 


A ^ 

.10 


Y8 

. 9 


— 1 




„ 1 












G E D C B A 
Y1 Y8 
Y2 Y3 Y4 Y5 Y6 Y7 
























1 




2 


J 




k 




5 




( 




-i 




■ J 







Yl Y2 Y3 Y4 Y5 Y6 Y7 / GND 



positive logic: See Truth Table 



TPin assignments for these circuits are the same for all 
packages. 



An overriding enable input is provided on each converter which, when taken high inhibits the function, causing all 
outputs to go high. For this reason, and to minimize power consumption, unused outputs Y7 and Y8 of the SN54185A 
and SN54185A, and all "don't care" conditions of the SN54184 and SN74184 are programmed high. The outputs are 
of the open-collector type. 

The SN54184 and SN54185A are characterized for operation over the full military temperature range of -55°C to 
125°C; the SN74184 and SN74185A are characterized for operation from 0°C to 70°C. 



SN54184 and SN74184 BCD-to-blnary converters 

The 6-bit BCD-to-binary function of the SN54184 
and SN74184 is analogous to the algorithm: 

a. Shift BCD number right one bit and examine 
each decade. Subtract three from each 4-bit 
decade containing a binary value greater than 
seven. 

b. Shift right, examine, and correct after each 
shift until the least significant decade contains 
a number smaller than eight and all other con- 
verted decades contain zeros. 



TABLE I 

SN54184, SN74184 

PACKAGE COUNT AND DELAY TIMES 

FOR BCD-TO-BINARY CONVERSION 



INPUT 
(DECADES) 


PACKAGES 
REQUIRED 


TOTAL DEyVY 


TIMES (ns) 


TYP 


MAX 


2 


2 


50 


80 


3 


6 


125 


200 


4 


11 


175 


280 


5 


19 


250 


400 


6 


28 


325 


520 
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CIRCUIT TYPES SN54t84, SN54185A, SN74184, SN74I85A 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 



SN54185A and SN74185A binary-to-BCD converters 

The function performed by these 6-bit binary-to-BCD 
converters is analogous to the algorithm: 

a. Examine the three most significant bits. If 
the sum is greater than four, add three and 
shift left one bit. 

b. Examine each BCD decade. If the sum is 
greater than four, add three and shift left 
one bit. 

c. Repeat step b until the least-significant 
binary bit is in the least-significant BCD 
location. 



TABLE II 

SN54185A, SN74185A 

PACKAGE COUNT AND DELAY TIMES 

FOR BINARY-TO-BCD CONVERSION 



INPUT 
(BITS) 


PACKAGES 
REQUIRED 


TOTAL DELAY TIME (ns) 


TYP MAX 


4 to 6 


1 


25 40 


7 or 8 


3 


50 80 


9 


4 


75 120 


10 


6 


100 160 


11 


7 


125 200 


12 


8 


125 200 


13 


10 


150 240 


14 


12 


175 280 


15 


14 


175 280 


16 


16 


200 320 


17 


19 


225 360 


18 


21 


225 360 


19 


24 


250 400 


20 


27 


275 440 



6-BIT CONVERTER 





2b 21 2S 2^ 21 


20 


E D C B A 

SN74185A 
VS Y4 Y3 Y2 Yl 




11111 

B A D C B 


" 



6 BIT BCD OUTPUT 



TRUTH TABLE 







INPUTS 


OUTPUTS 


WORDS 


BINARY SELECT 
E D C B A 


ENABLE 
G 


Y8 


Y7 


Y6 


Y5 


Y4 


Y3 


Y2 


Yl 





1 


L 


L 


L 


L 


L 


L 


H 


H 


L 


L 


L 


L 


L 


L 


2 


3 


L 


L 


L 


L 


H 


L 


H 


H 


L 


L 


L 


L 


L 


H 


4 


5 


L 


L 


L 


H 


L 


L 


H 


H 


L 


L 


L 


L 


H 


L 


6 


7 


L 


L 


L 


H 


H 


L 


H 


H 


L 


L 


L 


L 


H 


H 


8 


9 


L 


L 


H 


L 


L 


L 


H 


H 


L 


L 


L 


H 


L 


L 


10 


11 


L 


L 


H 


L 


H 


L 


H 


H 


L 


L 


H 


L 


L 


L 


12 


13 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


L 


L 


H 


14 


15 


L 


L 


H 


H 


H 


L 


H 


H 


L 


L 


H 


L 


H 


L 


16 


17 


L 


H 


L 


L 


L 


L 


H 


H 


L 


L 


H 


L 


H 


H 


18 


19 


L 


H 


L 


L 


H 


L 


H 


H 


L 


L 


H 


H 


L 


L 


20 


21 


L 


H 


L 


H 


L 


L 


H 


H 


L 


H 


L 


L 


L 


L 


22 


23 


L 


H 


L 


H 


H 


L 


H 


H 


L 


H 


L 


L 


L 


H 


24 


25 


L 


H 


H 


L 


L 


L 


H 


H 


L 


H 


L 


L 


H 


L 


26 


27 


L 


H 


H 


L 


H 


L 


H 


H 


L 


H 


L 


L 


H 


H 


28 


29 


L 


H 


H 


H 


L 


L 


H 


H 


L 


H 


L 


H 


L 


L 


30 


31 


L 


H 


H 


H 


H 


L 


H 


H 


L 


H 


H 


L 


L 


L 


32 


33 


H 


L 


L 


L 


L 


L 


H 


H 


L 


H 


H 


L 


L 


H 


34 


35 


H 


L 


L 


L 


H 


L 


H 


H 


L 


H 


H 


L 


H 


L 


36 


37 


H 


L 


L 


H 


L 


L 


H 


M 


L 


H 


H 


L 


H 


H 


38 


39 


H 


L 


L 


H 


H 


L 


H 


H 


L 


H 


H 


H 


L 


L 


40 


41 


H 


L 


H 


L 


L 


L 


H 


H 


H 


L 


L 


L 


L 


L 


42 


43 


H 


L 


H 


L 


H 


L 


H 


H 


h 


L 


L 


L 


L 


H 


44 


45 


H 


L 


H 


H 


L 


L 


H 


H 


H 


L 


L 


L 


H 


L 


46 


47 


H 


L 


H 


H 


H 


L 


H 


H 


H 


L 


L 


L 


H 


H 


48 


49 


H 


H 


L 


L 


L 


L 


H 


H 


H 


L 


L 


H 


L 


L 


50 


51 


H 


H 


L 


L 


H 


L 


H 


H 


H 


L 


H 


L 


L 


L 


52 


53 


H 


H 


L 


H 


L 


L 


H 


H 


H 


L 


H 


L 


L 


H 


54 


55 


H 


H 


L 


H 


H 


L 


H 


H 


H 


L 


H 


L 


H 


L 


56 


57 


H 


H 


H 


L 


L 


L 


H 


H 


H 


L 


H 


L 


H 


H 


58 


59 


H 


H 


H 


L 


H 


L 


H 


H 


H 


L 


H 


H 


L 


L 


60 


61 


H 


H 


H 


H 


L 


L 


H 


H 


H 


H 


L 


L 


L 


L 


62 


63 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


L 


L 


H 


ALL 


X 


X 


X 


X 


X 


H 


H 


H 


H 


H 


H 


H 


H 


H 



H = high level, L = low level, X = irrelevant 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc {see Note 1) 7V 

Input voltage (see Note 1) 5.5 V 

Operating free-air temperature range: SN54184, SN54185A -55°Cto125°C 

SN74184,SN74185A 0°C to 70°C 

Storage temperature range -65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 
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CIRCUIT TYPES SN54184, SN54185A, SN74184, SN74185A 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 



recommended operating conditions 





SIM54184, SN54185A 


SN74184, SN74185A 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vqc 


4.5 5 5.5 


4.75 5 5.25 


V 


Low-level output current, Iql 


16 


16 


mA 


Operating free-air temperature, T/^ 


-55 25 125 


25 70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


MIN TYP$ MAX 


UNIT 


V|H High-level input voltage 




2 


V 


V|L Low-level input voltage 




0.8 


V 


V| Input clamp voltage 


Vcc = 'VIIN, l| = -12mA 


-1.5 


V 


Iqh High-level output current 


Vcc = MIN, V|H = 2V, 
V|L = 0.8V, VoH=5.5V 


100 


mA 


Vql Low-level output voltage 


V,H = 2V, 
ViL=0.8 V 


l0L= 12 mA 


0.4 


V 








i| Input current at maximum input voltage 


Vcc = MAX, V| = 5.5 V 


1 


mA 


l|l^ High-level input current (each input) 


Vcc = IVIAX, V|=2.4V 


40 


mA 


l|L Low-level input current (each input) 


Vcc = MAX, V|=0.4V 


-1 


mA 


'CCH Supply current, all outputs high 




50 


mA 


'CCL Supply current, all programmed outputs low 






62 104 



'''For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
JAM typical values are at Vcc = 5 V, T/^ = 25° C. 



switching characteristics, VcC = 5 V, Ta = 25° C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Propagation delay time, low-to-high-level 
tpi |_j 

output from enable G 


CL = 30pF, 

Rm = 30on, 

RL2 = 600n 


16 25 


ns 


Propagation delay time, high-to-low-level 

tpLJ 1 

output from enable G 


22 35 


ns 


Propagation delay time, low- to-high-level 

tpi u 

output from binary select 


25 40 


ns 


Propagation delay time, high-to-low-level 

tpui 

output from binary select 


20 32 


ns 



FROM OUTPUT 
UNDER TEST 




Ci_ includes probe and jig capacitance. 
LOAD CIRCUIT 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 . DALLAS, TEXAS 75222 



9-145 



CIRCUIT TYPES SN54184. SN54185A, SN74184, SN74185A 
BCD-TO-BINARY AND BINARY-TG-BCD CONVERTERS 

TYPICAL APPLICATION DATA 
SN54184, SN74184 



E D C B A 
Y5 Y4 Y3 Y2 Y1 



Y5 Y4 Y3 Y2 



rt»^M \b6 W M b3 b2 b1 bO 



FIGURE 1-BCD-TO-BINARY CONVERTER 
FOR TWO BCD DECADES 



YS Y4 Y3 



E D C B 
Y5 V4 Y3 Y2 



d 



YS Y4 V3 Y2 



YS Y4 Y3 Y2 



E C 
YS Y4 Y3 V2 Y1 






t V t ♦ V f V 

■* 1*^" " " " 



C5 B5 A5 D4 C4 B4 A4 D3 C3 B3 A3 D2 C2 B2 A2 Dl CI B1 Al DO CO BO AO 



E D C B A 
15 Y4 y3 Y2 Vl 



E D C B A 
Y5Y4 Y3 Y2 Yl 



E D C B A 
Y5 Y4 Y3 Y2 Yl 



E D C 6 
Y5 Y4 Y3 y'3 



D C B A 
Y5 Y4 Y3 Y2 Y 



E D C B 
Y5 y4 Y3 Y2 



^ 



E D C B A 
Y5 Y4 Y3 Y2 Y1 



E D C B 
Y5 Y4 Y3 Y2 



E D C B A 
VS Y4 Y3 Y2 Yl 



E D C B A 
Y5 Y4 Y3 Y2 Yl 



n 



E D C 
Y5 Y4 Y3 Y2 



E D C B A 
VS Y4 y3 V2 Yl 



EDO 
Y5 Y4 Y; 



E D C 
Y5 Y4 Y3 



E n C B A 
Y5 Y4 Y3 Y2 Yl 



E D C B 
Y6 Y4 Y3 Y2 



E D C B A 
Y5 Y4 Y3 Y2 Yl 



E D C B A 
Y5 Y4 Y3 Y2 Yl 



D C B 
Y4 Y3 Y2 



£ D C B 
V5 Y4 Y3 Y2 



E D C B A 
Y5 Y4 y3 Y2 Yl 



tS Y4 Y3 V2 



E C B A 
Y5 Y4 V3 Y2 Yl 



n 



E D C B 
Y5 Y4 y3 Y2 



E D C B A 
Y5 Y4 Y3 Y2 Y1 



E D C B A 
1^5 Y4 YS Y2 



rm 



OPEN ,i>19bl8b17b16b15b14bl3 b12bl1 blO 



b/ b6 b5 b4 b3 b2 bl bO. 



FIGURE 2-BCD-TO-BINARY CONVERTER 
FOR THREE BCD DECADES 



FIGURE 3-BCD-TO-BINARY CONVERTER 
FOR SIX BCD DECADES 



MSD— most significant decade 
LSD— least significant decade 
Each rectangle represents an SN54184 or SN74184. 
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CIRCUIT TYPES SN54184, SN54185A, SN74184, SN74185A 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 

TYPICAL APPLICATION DATA 
SN54185A, SN74185A 



BS B4 B3 B2 B1 BO 



E D C B A 
Y6 Y5 Y» Y3 Y2 Y1 



rnjTTi 



FIGURE 4-6-BIT BINARY-TO-BCD 
CONVERTER 



B3 B2 B1 BO 




FIGURE 5-8-BIT BINARY-TO-BCD 
CONVERTER 



B7 B6 B5 B4 B3 B2 













1 1 




1 












E C B A 
Y6 Y5 Y4 Y3 Y2 Yl 
















1 1 1 














E D C B A 
Y5 Y4 Y3 Y2 Yl 










Mill 






E D C B A 
Y6 Y5 Y4 Y3 Y2 Yl 




D C B < 
Y4 Y3 Y2 V 


1 



TTTTTTTTT 



FIGURE 6-9-BIT BINARY-TO-BCD 
CONVERTER 




FIGURE 7-12-BIT BINARY-TO-BCD 
CONVERTER 



BIS B14 B13 B12'B11 BIO B9 B« B7 



B4 B3 B2 B1 BO 




MSD— Most significant decade 
LSD— Least significant decade 
Each rectangle represents an SN54185A or an SN74185A. 



FIGURE 8-16-BIT BINARY-TO-BCD 
CONVERTER 



PRINTED IN U.S.A. 
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CIRCUIT TYPES SN5442, SN5443, SN5444, 

SN7442, SN7443, SN7444 

4.LINE-T0-10.LINE DECODERS (1-0F-10) 



BCD-to-Decimal 



Excess-3-to-Decimal 
Also for applications as 



• Excess-3-Gray-to-Decimal 



• 4-Line-to-16-Line Decoders 



• 3-Line to 8-Line Decoders 



description 

These monolithic decimal decoders 
consist of eight inverters and ten 
four -in put NAND gates. The 
inverters are connected in pars to 
make BCD input data available for 
decoding by the NAND gates. Full 
decoding of valid input logic 
ensures that all outputs remain off 
for all invalid input conditions. 

The SN5442/SN7442 BCD-to- 
decimal, SN5443/SN7443 excess- 
3-to-decimal, and SN5444/SN7444 
excess-3-gray-to-decimal decoders 
feature familiar transistor- 

transistor-logic (TTL) circuits with 
inputs and outputs which are com- 
patible for use with other TTL and 
DTL circuits. D-c noise margins are 
typically one volt and power 
dissipation is typically 140 
milliwatts. Full fan-out of 10 is 
available at all outputs. 



featuring diode-clamped inputs 

J OR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW)t 



INPUTS 

A 



cc 



OUTPUTS 

A 



16 _ 15 


1 _ 14 _ 13 _ 12 _ 11 _ 10 _ 9 




1 1 ' — 1 


L 


. 1 




A B CD 
012 3456789 




V V Y Y Y Y ? V V ^^-J 


Lr^r-^rJ^ hLJ^n '1 


1 2 


" 3 " 4 " 5 1 6 ■ 7 ■ 8 



GND 



OUTPUTS 



positiv* logic: see truth tables 



SN5442/SN7442 



^Pin assignments for these circuits are tine same for all packages. 
SN5443/SN7443 SN5444/SN7444 



ALL TYPES 





BCD 
INPUT 








EXCESS 3 
INPUT 






EXCESS 3 GRAY 
INPUT 










DECI^AAL 
OUTPUT 








D 


C 


B 


A 




D 


C 


B 


A 




D 


C 


B 


A 







2 


3 


^1 = 


6 


7 8|9 1 






















1 
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CIRCUIT TYPES SN5442, SN5443, SN5444, 

SN7442, SN7443, SN7444 

4.LINE-T0-10-LINE DECODERS (1-0F-10) 



absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply Voltage, Vcc (See Note 1) 7V 

Input Voltage, Vjn (See Note 1) 5.5 V 

Operating Free-Air Temperature Range: SN5442, SN5443, SN5444 Circuits -55°Cto125°C 

SN7442, SN7443. SN7444 Circuits O'C to 70°C 

Storage Temperature Range -65 C to 150 C 

recommended operating conditions 

Supply Voltage Vcc (See Note 1 ): SN5442, SN5443, SN5444 Circuits .... 

SN7442. SN7443, SN7444 Circuits . . . . 
Normalized Fan-Out from each Output (N) 



MIN 


NOM 


MAX 


UNIT 


4.5 


5 


5.5 


V 


4.75 


5 


5.25 


V 


10 





NOTE 1 : Voltage values are with respect to network ground terminal. 



electrical characteristics over recommended operating temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS^ 


MIN TYPf MAX 


UNIT 


Input voltage required to ensure 
'"'^' logical 1 at any Input terminal 


1 

and 

2 




2 


V 


Input voltage required to ensure 
'"'0' logical at any input terrninal 


1 

and 

2 




0.8 


V 


Voutd ) Logical 1 output voltage 


2 


Vcc = MIN, Vin(1)=2V, 
Vin(0) = 0.8V, l|oad = ^«»'^A 


2.4 


V 


Vout(O) Logical output voltage 


1 


Vcc = MIN, Vin(i) = 2V, 
Vin<0) = 0-8 V, Isink = 16 mA 


0.4 

- 1 


V 


Logical 1 level input current 
'"'1' (each input) 


3 


Vcc = MAX, Vjn '^ 2.4 V 


40 


mA 


Vcc = MAX, Vjn = 5.5 V 


1 


mA 


Logical level input current 
''"'0' (each input) 


4 


Vcc = MAX, Vjn = 0.4 V 


-1.6 


mA 
mA 


'OS Short-circuit output current§ 


5 


Vcc = MAX 


SN5442. SN5443. SN5444 


-20 -55 


SN7442, SN7443, SN7444 


-18 -55 


mA 


Ice Supply current 


4 


Vcc = MAX 


SN5442. SN5443, SN5444 


28 41 


mA 


SN7442, SN7443, SN7444 


28 56 


mA 



switching characteristics, Vqq = 5 V, T^ = 25° C, N = 10 



'^ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the 

applicable device type, 
f All typical values are at Vcc = 5 V, T;^ = 25°C. 
§ Not more than one output should bo shorted at a time. 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Propagation delay time to 
*f^0 logical level through 
two logic levels 


6 


Cl = 15pF, R|_ = 400n 


10 22 30 


ns 


Propagation delay time to 
tpdO logical level through 
three lo^ levels 


6 


Cl = 15pF, RL = 400n 


23 35 


ns 


Propagation delay time to 
tpdi logical 1 level through 
two logic levels 


6 


Cl = 15pF, RL = 400n 


10 17 25 


ns 


Propagation delay time to 
tpdi logical 1 level through 
three logic levels 


6 


Cl = 15pF, RL = 400n 


26 35 


ns 
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CIRCUIT TYPES SN5442, SN5443, SN5444, 
SN7442, SN7443, SN7444 
4-LINE-T0-10.LINE DECODERS (1-0F-10) 



functional block diagrams 
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CIRCUIT TYPES SN5442, SN5443, SN5444, 
SN7442, SN7443, SN7444 
4-LINE-T0-10-LINE DECODERS (1-OF-10) 



d-c test circuits^ 



PARAMETER MEASUREMENT IIMFORMATIOIM 



TEST 

PER 

TRUTH 

TABLE 



p- 

1 
2 



4 >-0 

5 O-O 



9 3 1 



1] 



(i) 



Vout(O) 



1 . Each output is tested separately. 
FIGURE 1 



'o 

o 

p — 


TEST 

PER 

TRUTH 

TABLE 




1. Each output is tested separately. 
FIGURE 2 




1 . Each input is tested separately. 
FIGURE 3 



in(0) 



SEE 
NOTE 



K 



1. When testing lin(o) each input is tested separately. 

2. When testing {qq all inputs are grounded and 

outputs are open. 

FIGURE 4 



tArrows indicate actual direction of current flow 



TEST 

PER 

TRUTH 

TABLE 



l> 

1 
2 



T 



'sis, i- 

9 3 1 



'OS 



Each output is tested separately. 
FIGURE 5 
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SN7442, SN7443, SN7444 
4-LINE-TO-lO-LINE DECODERS (1-OF-lO) 



switching characteristics 



8-4-2-1 A 

TRUTH TABLE B 
GENERATOR 
(See note 1) C 

D 



TYPICAL INPUT 

VOLTAGE 

WAVEFORMS 

(See Note 1) 



TYPICAL OUTPUT 

VOLTAGE 

WAVEFORMS 



= 5 V 



INPUT 




TEST CIRCUIT 




NOTES: 1. The truth table generator has the following characteristics: 

V , >^2.4V. V ,„, ^0.4V, t and t, <10 rts, and 
outd) ' out(O) r f 

PRR = 1 MHz. Input B, C, and D transitions occur simul- 
taneously with or prior to input A transistions. 

2. C, includes probe and jig capacitance. 

3. All diodes are 1 N3064. 



FIGURE 6-SWITCHING TIMES 
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CIRCUIT TYPES SN5442, SN5443, SN5444 
SN7442, SN7443, SN7444 
4-LINE-T0-10-LINE DECODERS Q-OF-IO) 



TYPICAL APPLICATIONS 



decoding binary-tcMlecimal with SN5442/SN7442, 

Figure A demonstrates a method for utilizing two 
SN5442/SN7442 decoders to perform 4-wire to 
16-wire (1-of-16) decoding. Inputs A, B,and Cof the 
two decoders_are paralleled, D is applied to one 
decoder, and D is applied to the other as shown in 
figure A. Decimal equivalents are available as 
indicated. Note that decimal 8 and 9 are available 
from botJ:i decoders. 



decoding 3-wire blnary-to-octal 

This application demonstrates a method for decoding 
3-wire binary-to-octal using the SN5442/SN7442. See 
figure B. The binary code ABC is applied to the A, B, 
and C inputs and the D input is used as a strobe. 
When the strobe is taken to a logical the octal data 
may be taken from outputs through 7. Note that 
decimal outputs 8 and 9 are not used. See BCD truth 
table. 

This application demonstrates a method for decoding 
3-wire binary-to-octal using the SN5444/SN7444. See 
figure C. The binary code ABC is applied to the A, B, 
and D inputs respectively and the C input is used as a 
strobe. When the strobe is taken to a togical 1 the 
octal data (as identified in figure C) may be taken 
from outputs 1 through 8. Note that outputs and 9 
are not used. 





A \ 

BCD 3 

^ TO 4 

DECI^AAL 5 

C 6 

7 

D R 



DECIMAL 
OUTPUT 



1 

2 

3 

4 

5 

I 6 

I 7 

1 8* 

>— 9* 



SN5442 





2 
C BCD 3 
^ TO 4 
DECI^AAL 5 
B 6 

7 



rb 8* 

>— 9* 



10 
11 
12 
13 

■ 14 

■ 15 
■off 
• off 



*These decimal outputs are available from both decoders. 

FIGURE A 



SN5442 



3-BIT J 
BINARY I 



STROBE 




1 

A 2 

BCD 3 
> TO 4 
DEC1^ML 5 
C 6 

7 



D 



l-OF-8 
* OCTAL 



NO 



CONNECTION 



FIGURE B 



SN5444 



A INPUT - 




C INPUT — 



FIGURE C 



CONNECTION 



PRINTED IN U.S.A. 

Ti tannol assume ony responsibility for any circuits shown 
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LOW-POWER 
HI MSI 



CIRCUIT TYPES SN54L42, SN54L43, SN54L44, 

SN74L42, SN74L43, Siyi74L44 

4-LINE-T0-10-LIIVE DECODERS (1-OF-lO) 



SN54L42, SN74L42 . . . BCD-TO-DECIMAL 
SN54L43, SN74L43 . . . EXCESS-3-TO-DECIMAL 
SN54L44, SN74L44 . . . EXCESS-3-GRAY-TO-DECIMAL 
• Also for Applications as 

4-Line-to-16-Llne Decoders 
3-Line-to-8-Line Decoders 



Diode-Clamped Inputs 



description 



JOR N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



These monolithic decimal decoders consist of eight 
inverters and ten four-input NAND gates. The 
inverters are connected in pairs to make BCD input 
data available for decoding by the NAND gates. Full 
decoding of valid input logic ensures that all outputs 
remain off for all invalid input conditions. 

The SN54L42/SN74L42 BCD-to-decimal, SN54L43/ 
SN74L43 excess-3-to-decimal,and SN54L44/SN74L44 
excess-3-grav-to-decimai decoders feature familiar 
transistor-transistor logic (TTL) circuits with inputs 
and outputs which are compatible for use with other 
TTL and DTL circuits. D-c noise margins are typical- 
ly one volt and power dissipation is typically 70 milli- 
watts. The diode-clamped inputs represent only one- 
half of one normalized Series 54/74 load, or approxi- 
mately five Series 54L/74L gate loads at a low logic 
level, or two Series 54L/74L gate loads at a high logic 
level. 




16 U 15 U 14 _ 13 _ 12 _ 11 _ 10 _ 9 



I C 



1 1 



0123456789 



-^ y H y y T tj 



y ? ^ 



6, GND 



OUTPUTS 



positive logic: See truth table 



TRUTH TABLE 



9-154 



SN54L42/SN74L42 
BCD INPUT 



B 



L L L 

L L L 

L L H 

L L H 



L H L 

L H L 

L H H 

L H H 



H L L 

H L L 

H L H 

H L H 



H H L 

H H L 

H H H 

H H H 



SN54L43/SN74L43 
EXCESS-3-INPUT 



SN54L44/SN74L44 
EXCESS-3-GRAY INPUT 



ALL TYPES 
DECIMAL OUTPUT 
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CIRCUIT TYPES SN54L42, SN54L43. SN54L44. SN74L42. SN74L43. SN74L44 

4-LINE-TO-10-LINE DECODERS (1-OF-10) 



absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) 7 y 

Input voltage (see Note 1) 5.5 V 

Operating free-air temperature range: SN54L42, SN54L43, SN54L44 Circuits -55°Cto125°C 

SN74L42, SN74L43, SN74L44 Circuits 0°C to 70°C 

Storage temperature range -65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 

recommended operating conditions 





SI\I54L42 
SN54L43 
SN54L44 


SN74L42 
SN74L43 
SN74L44 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 




4.5 5 5.5 


4.75 5 6.25 


V 


Normalized fan-out from each output, N 


Series 54L/74L gates 




40 


40 




Series 54L/74L inputs 
with 8-kn 
base resistorsH 


High logic level 


20 


20 




Low logic level 


10 


10 




Operating free-air temperature, Ta 


-55 125 


70 


°c 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONSt 


MIN MAX 


UNIT 


V|H High-level input voltage 


1 and 2 




2 


V 


V|i_ Low-level input voltage 


1 and 2 




0.8 


V 


V| Input clamp voltage 


3 


Vcc = MIN, l| = -12mA 


-1.5 


V 


^OH High-level output voltage 


1 


Vcc = MIN, V|H = 2V, 
V,L = 0.8V, loH = -400juA 


2.4 


V 


Vql Low-level output voltage 


2 


Vcc = MIN, V|H=2V, 
V|L = 0.8V, loL = 8mA 


0.4 


V 


l| Input current at maximum input voltage 


3 


Vcc = MAX, V| = 5.5 V 


1 


mA 


llH High-level input current 


3 


Vcc = MAX, V| = 2.4 V 


20 


mA 


1 1 L Low-level input current 


3 


Vcc = MAX, V| = 0.4 V 


-0.8 


mA 


Iqs Short-circuit output current§ 


4 


Vcc = MAX 


-9 -28 


mA 


'CC Supply current 


5 


Vcc = MAX 


SN54L42, SN54L43. 
SN54L44 


22 


mA 


SN74L42, SN74L43, 
SN74L44 


28 


mA 



switching characteristics, Vcc = 5 V, Ta = 25° C, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN MAX 


UNIT 


Propagation delay time, high-to-low-level 
tpHL 

output from A, B, C, or D through 2 levels of logic 


6 


Cl= 15 pF, 
RL = 400n 


10 60 


ns 


Propagation delay time, high- to- low-level 
tpHL 

output from A, B, C, or D through 3 levels of logic 


70 


ns 


Propagation delay time, low-to-high-level 
tpLH 

output from A, B, C, and D through 2 levels of logic 


10 50 


ns 


Propagation delay time, low-to-high-level 
tPLH 

output from A, B, C, and D through 3 levels of logic 


70 


ns 



For conditions shown as MIN or MAX, use the appropriate values specified under recommended operating conditions for the applicable 
device type. 

8 Not more than one output should be shorted at a time. 
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CIRCUIT TYPES SN54L42. SN54L43. SN54L44, SN74L42. SN74L43, SN74L44 
4-LINE-TO-10-LINE DECODERS (1-OF-10) 



functional block diagrams 
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CIRCUIT TYPES SI\I54L42. SN54L43, SN54L44, SN74L42, SN74L43. SN74L44 

4-LINE-TO-lO-LINE DECODERS (1-OF-lO) 



d-c test circuits^ 



PARAMETER MEASUREMENT INFORMATION 



V|H 
V|L 




Each output is tested separately. 
FIGURE 1-V|H, V|L, Vqh 



VlH 
V|L' 




Each output is tested separately. 
FIGURE 2-V|H,V|i., Vol 



vcc 



llJlH 



V| 



l|L 



t^ 



SEE 
NOTE 






> 

A 1 3 

2 3 

B 3 D 

4 D 

5 3 

^ 6 3 



► OPEN 



Each input is tested 
separately for V|, l|, 
l|H, and I|l. Inputs 
not under test are 
grounded. 



V, r 



o 

p — 


TEST 

PER 

TRUTH 

TABLE 



FIGURE 3-V|, l|,l|H, l|L 




'OS 



Vcc 

1 



'cc 



It 



Each output is tasted separately. 
FIGURE 4-los 

■^Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 



'OPEN 



FIGURE 5-lcc 
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CIRCUIT TYPES SN54L42, SN54143, SN54144, SN74142, SN74143, SN74144 
4-LINE-TO-IO-llNE DECODERS (1-OF-10) 



switching characteristics 



PARAMETER MEASUREMENT INFORMATION 



8-4-2-1 



TRUTH TABLE 

GENERATOR 

(See Note A) 



INPUTS 



n 



Q Q 



Vcc = 5V 



op 
1 

2 

3 

4 
5 
6 
7 



OUTPUT 
Q 



Cb> 



^k 



<H4- 



Rl 



T 



(See Note B) 



(See Note C) 



TEST CIRCUIT 



INPUT 
UNDER TEST 



OUTPUT THRU 
2 LEVELS OF 
LOGIC 



OUTPUT THRU 
3 LEVELS OF 
LOGIC 




VOLTAGE WAVEFORMS 

• ■ noD ^ 1 kAU-, 7 K tqn n Transition of the input under test must 
NOTES: A. The truth table generator has the following character.st.cs: PRR < 1 MHz. Z^^^ ~ 50 a. Trans,t,on 
occur simultaneously with or following the transition of the other inputs. 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1N91 4. 



FIGURE 6-SWITCHING TIMES 
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CIRCUIT TYPES SN54L42, SN54L43, SN54L44. SN74L42. SI\I74L43. SN74L44 

4-LINE-TO-10-LINE DECODERS (1-OF-10) 



TYPICAL APPLICATIONS 



decoding binary-to-decimal with SN54L42/SN74L42 

Figure A demonstrates a method for utilizing two 
SN54L42/SN74L42 decoders to perform 4-wire-to- 
16-wire (1-of-16) decoding. Inputs A, B, and C of the 
two decoders are paralleled, D is applied to one 
decoder, and D is applied to the other. Decimal 
equivalents are available as indicated. Note that 
decimal 8 and 9 are available from both decoders. 



decoding 3-wire binary-to-octal 

Figure B demonstrates a method for decoding 3-wire 
binary-to-octal using the SN54L42/SN74L42. The 
binary code ABC is applied to the A, B, and C inputs 
and the D input is used as a strobe. When the strobe is 
taken to a low level, the octal data may be taken 
from outputs through 7. Note that decimal outputs 
8 and 9 are not used. See BCD truth table. 



Figure C demonstrates a method for decoding 3-wire 
binary-to-octal using the SN54L44/SN74L44. The 
binary code ABC is applied to the A, B, and D inputs, 
respectively, and the C input is used as a strobe. When 
the strobe is taken to a high level, the octal data (as 
identified in figure C) may be taken from outputs 1 
through 8. Note that outputs and 9 are not used. 



DECIMAL 

SN54L42 OUTPUT 



• 1 

2 

3 

■ 4 

■5 
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A ] 

BCD 3 
^ TO 4 
DECIMALS 
C 6 
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<" 8 
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° I 

C BCD 3 : 

TO 4 
DECIMAL 5 : 
B 6 D 

7 3 
A 8 . 

9 3 























- 9* 

• 10 

• II 

• 12 

■ 13 

■ 14 

■ 15 
off 
off 



*These decimal outputs ore available from both decoders. 
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FIGURE B 
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B GRAY 3 
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TTL 
MSI 



CIRCUIT TYPIS SN54154, SN74154 
4-LINE-T0-16-LINE DECODERS/DEMULTIPLEXERS 



FOR APPLICATIONS IN COMMUNICATIONS EQUIPMENT, 
COMPUTERS, AND ELECTRONIC INSTRUMENTATION 



Decodes 4 binary-coded inputs into one of 16 
mutually exclusive outputs 

Performs the demultiplexing function by 
distributing data from one input line to any 
one of 1 6 outputs 
Input clamping diodes simplify system design 

High fan-out, low-impedance, totem-pole 
outputs 

Typical average propagation delay times: 
23 ns through 3 levels of logic 
19 ns from strobe input 

Typical power dissipation . . . 170 mW 

Fully compatible with most TTL, DTL, and 

MSI circuits 



JOR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW)t 



r-SBJiaa^^ 



r 



ji i 



j^ 



A B C D G2 Gl 15 14 13 12 
11 



12 3 4 5 6 7 8 9 1^ 

—r^^ — ? ^ V Y 



^5 7 



'n — v/ — — 'riwn 



OUTPUTS 



positive logic: See truth table 



■fpin assignments for these circuits are the same 
for all packages. 



description 



Each of these monolithic, 4-line-to-1 6-line decoders utilizes TTL circuitry to decode four binary-coded inputs into one 
of sixteen mutually exclusive outputs when both the strobe inputs, Gl and G2, are low. The demultiplexing function is 
performed by using the 4 input lines to address the output line, passing data from one of the strobe inputs with the 
other strobe input low. When either strobe input is high, all outputs are high. 

These circuits are fully compatible for use with most other TTL and DTL circuits. Input clamping diodes are provided 
to minimize transmission-line effects and thereby simplify system design. Input buffers are used to lower the fan-in 
requirement to only one normalized Series 54/74 load. A fan-out to 10 normalized Series 54/74 loads in the low-level 
state and 20 in the high-level state is available from each of the sixteen outputs. Typical power dissipation is 170 mW. 

The SN54154 is characterized for operation over the full military temperature range of -55°C to 125°C; the SN74154 
is characterized for operation from 0°C to 70°C. 
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CIRCUIT TYPES SN54154, SN74154 
4-LINE-T0-16-LINE DECODERS/DEMULTIPLEXERS 



logic 



TRUTH TABLE 



INPUTS 


OUTPUTS 
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H = high, L = low, X = irrelevant 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vcc (see Note 1) 7V 

Input voltage (see Note 1) 5.5 V 

Operatingfree-air temperature range: SN541 54 Circuits — 55°Cto125C 

SN741 54 Circuits 0°C to 70°C 

Storage temperature range —65 C to 150 C 

NOTE 1 : Voltage values are with respect to network ground terminal. 



recommended operating conditions 





SN54154 


SIM74154 


UNIT 


MIN NOM 


MAX 


MIN NOM 


MAX 


Supply voltage Vcc 


4.5 5 


5.5 


4.75 5 


5.25 


V 


Normalized fan-out from each output, N 


High logic level 


20 


20 




Low logic level 


10 


10 


Operating free-air temperature range 


-55 25 


125 


25 


70 


°c 
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CIRCUIT TYPES SN54154, SN74154 
4-LINE-TO-16-LINE DECODERS/DEMULTIPLEXERS 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS^ 


MIN TYPJ 


MAX 


UNIT 


V|H 


High-level input voltage 


1 and 2 




2 


V 


V|L 


Low-level Input voltage 


1 and 2 




0.8 


V 


VOH 


High-level output voltage 


1 


Vcc = MIN, 
V|i_ = 0.8 V, 


V|H = 2V, 
IOH=-800]uA 


2.4 


V 


Vol 


Low-level output voltage 


2 


V|L = 0.8V, 


V|H = 2V, 
l0L= 16 mA 


0.4 


V 


l|H 


High-level input current 
(each input) 


3 


Vcc = MAX, 


V| = 2.4 V 


40 


mA 


Vcc = MAX, 


V| =5.5V 


1 


mA 


l|L 


Low-level Input current 
(each input) 


3 


Vcc = MAX, 


V| =0.4V 


-1.6 


mA 


!0S 


Short-circuit output current^ 


4 


Vcc = MAX 


SN54154 


-20 


-56 


mA 


SN74154 


-18 


-57 


Ice 


Supply current 


5 


Vcc = MAX 


SN54154 


34 


49 


mA 


SiM74154 


34 


56 



''^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
+ AII typical values are at Vqq = 5 V, T^ = 25°C. 
§ Not more than one output should be shorted at a time. 



switching characteristics, Vcc = 5 V, Ta = 25° C, N = 



10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Propagation delay time, low-to-high-level output, 
tpi_|-| 

from A, B, C, or D inputs through 3 levels of logic 


6 


C!_=15pF, RL = 400r2 


24 36 


ns 


Propagation delay time, high-to-low-level output, 
tpHi 

from A, B, C, or D inputs through 3 levels of logic 


22 33 


ns 


Propagation delay time, low-to-high-level output, 
tpLH 

from either strobe input 


20 30 


ns 


Propagation delay time, high-to-low-level output, 
tpHL 

from either strobe input 


18 27 


ns 
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functional block diagram 
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CIRCUIT TYPES SN54154, SN74154 
4-LINE-T0-164INE DECODERS/DEMULTIPLEXERS 



schematic 



'4kS2 <1.6kS2 <4kn 



^V>^ 



< 



a li 



< 



r 



• 4 kS2 < 2 k<2 



J4k() ?2k<! 



^MT 






<'l 



< 



/77 
TYPICAL OF FOUR INVERTER PAIRS 



_J 



H>--r — €> 



o [>^— f o[>- 



DO ^O 1 C^ 



r 



Vcc ~~l 



-OVcc 



:4kn < 1.6 kn <i30n 



B ' (I O 



L 



TYPICAL OF 16 
OUTPUT GATES 



OUTPUT 




^1 k£2 



=:> 



OUTPUT GATES 
2 14 NOT SHOWN 



=:> 



-►A 
-►A 
-►B 
-►B 



-►D 



Component values shown are nominal. 
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CIRCUIT TYPES SN54154, SN74154 
4-LINE-T0-16-LINE DECODERS/DEMULTIPLEXERS 



d-c test circuits'!' 



PARAMETER MEASUREMENT INFORMATION 




Each output is tested separately. 

FIGURE 1-V,j^,V,L.VoH 



SEE 
NOTE 



T 



=o 



TEST 

PER 

TRUTH 

TABLE 



Each output is tested separately. ~ 

FIGURE 2-V|j^,Vu 



Each input is tested separately for both l||-| and I|l. Inputs not 
under test are grounded, with the exception that when testing 
l|L of a strobe input, the other strobe is at 2.4 V. 
FIGURE 3-l|H, l|L 



Each output Is tested separately. 

FIGURE 4-los 



SI - I s. 

SO 






T 



FIGURE 5-lj,j, 

■f Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 



"•-nIoi 
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CIRCUIT TYPES SN54154, SN74154 
4.LINE-TO-16-LINE DECODERS/DEMULTIPLEXERS 



PARAMETER MEASUREMENT INFORMATION 



switching characteristics 



PULSE 
GENERATOR 
(See Note A) 



TRUTH 

TABLE 

GENERATOR 

(See Note A I 



i — <x-o — cj N 
o*-o — o | J 

(See Note C) 



1 



I 



T 




-►f>f>f- 



^^C, =15pF 
(See Note B) 



TEST CIRCUIT 



EVEN-NUMBERED 
OUTPUTS 



[Tf-lSV 15V-V-I 

s/l A. 



P- i\ 



ODD-NUMBERED 
OUTPUTS 



STROBE INPUT 



-Vl.5V -/-l.SV 






!"• 

I 

"■1 'PHL 



\ 



zE 



VOLTAGE WAVEFORMS 

NOTES: A. The truth table generator and the pulse generator have the following characteristics: PRR = 1 MHz, Zq^ ss50 fi, t^ = 100 ns. 

B. Cl includes probe and jig capacitance. 

C. Whien measuring select-input-to-output times the strobe inputs are grounded. When measuring strobe-input-to-output times, the 
untested strobe input is grounded. Select inputs determine output under test through truth table generator. 

D. All diodes are 1 N3064. 

FIGURE 6-SWITCHING TIMES 



9-166 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



PRINieO IN USA 
Tl <annol ossume ony rcsponsibilily lor any circuits shown 
or represent that they ore free from potent infringement, 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TTL 
MSI 



CIRCUIT TYPES SN54155, SN54156, SN74155, SN74156 
DUAL 2-LINE-T0-4-LINE DECODERS/DEMULTIPLEXERS 



Applications: 

Dual 2-to-4-Line Decoder 
Dual 1-to-4-Line Demultiplexer 
3-to-8-Line Decoder 
1 -to-8-Line Demultiplexer 

• Individual Strobes Simplify Cascading for 
Decoding or Demultiplexing Larger Words 

• Input Clamping Diodes Simplify System 
Design 

• Choice of Outputs: 

Totem Pole (SN54155, SN74155) 
Open-Collector (SN54156, SN74156) 

• Typical Average Propagation Delay Times: 

1 6 ns through 2 levels of logic 
21 ns through 3 levels of logic 

• Typical Power Dissipation . . . 125 mW 



J OR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW)t 



SELECT OUTPUTS 

DATA STROBE INPUT J\. ^ 

2C 2G A 2Y3 2Y2 2Y1 2Y0 



DATA 
1C 



STROBE SELECT 1Y3 

1G INPUT "^ 

B 



16 


. 15 . 


. 14 


_ 13 . 
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10 . 


. 9 






1 I 


1 II 1 1 II 


F\ 




V7 


A J, A A 




, J 
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2Y3 2Y2 2Y1 2Y0 
2^ 2^" B B A A 
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J ^ 


■ -. 1— 1 N 


J L— 







-H, 






\% ^ R^ 


\a 
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q 




B B 


1 

^ A 




XT 


i 


1Y3 1Y2 1Y1 1Y0 


Ah ^ 


r T r r 
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■ 2 ■ 


" 3 


" 4 


■ 5 " 


6 ' 


7 


" 8 





1Y2 1Y1 1Y0. GND 



positive logic: See truth table 



tPin assignments for these circuits are the same 
for all packages. 






■n*» 



rn 



oi 



DO 
COT 

>^ 

aj ^ 

<s 

_i OI 
(OUI 



description 



These monolithic transistor-transistor-iogic (TTL) circuits feature dual 1-line-to-4-line demultiplexers with individual 
strobes and common binary-address inputs in a single 16-pin package. When both sections are enabled by the strobes, 
the common binary-address inputs sequentially select and route associated input data to the appropriate output of each 
section. The individual strobes permit activating or inhibiting each of the 4-bit sections as desired. Data applied to input 
1C is inverted at its outputs and data applied at 2C is not inverted through its outputs. The inverter following the 1C 
data input permits use as a 3-to-8-line decoder or 1-to-8-line demultiplexer without external gating. See typical 
applications data and the truth tables for more details. 

The SN54155/SN74155 circuits, with totem-pole outputs, are rated to fan-out to 10 normalized Series 54/74 loads in 
the low-level output state, and to 20 loads in th& high-level output state. The SN54156/SN74156 circuits, with 
open-collector outputs, are rated to sink 16 milliamperes at a low-level output voltage of less than 0.4 volt. 
Input-clamping diodes are provided on all of these circuits to minimize transmission-line effects and simplify system 
design. Typical power dissipation is 125 milliwatts. Typical average propagation delay times are 16 nanoseconds 
through 2 levels of logic and 21 nanoseconds through 3 levels of logic for the SN54155/SN74155. 

The SN54155 and SN54156 are characterized for operation over the full military temperature range of -55°C to 
125°C; the SN74155 and SN74156 are characterized for operation from 0°C to 70°C. 
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CIRCUIT tYPES SN54155, SN54156, SN74155, SN74156 
DUAL 2-LINE-TO-4-LINE DECODERS/DEMULTIPLEXERS 



truth tables (H = high level, L = low level, X = irrelevant) 



2-LINE-TO-4-LINE DECODER OR 1-LINE-TO-4-LINE DEMULTIPLEXER 



INPUTS 


OUTPUTS 


SELECT 


STROBE 


DATA 


1Y0 


1Y1 1Y2 


1Y3 


B A 


1G 


1C 


X X 


H 


X 


H 


H H 


H 


L L 


L 


H 


L 


H H 


H 


L H 


L 


H 


H 


L H 


H 


H L 


L 


H 


H 


H L 


H 


H H 


L 


H 


H 


H H 


L 


X X 


X 


L 


H 


H H 


H 



INPUTS 


OUTPUTS 


SELECT 


STROBE 


DATA 


2Y0 


2Y1 2Y2 


2Y3 


B A 


2G 


2C 


X X 


H 


X 


H 


H H 


H 


L L 


L 


L 


L 


H H 


H 


L H 


L 


L 


H 


L H 


H 


H L 


L 


L 


H 


H L 


H 


H H 


L 


L 


H 


H H 


L 


X X 


X 


H 


H 


H H 


H 



3-LINE-TO-8-LINE DECODER TO 1-LINE-T0-8-LINE DEMULTIPLEXER 



INPUTS 


OUTPUTS 1 


SELECT 


STROBE 
OR DATA 


(0) 
2Y0 


(1) 
2Y1 


(2) 
2Y2 


(3) (4) 
2Y3 1Y0 


(5) 
1Y1 


(6) 
1Y2 


(7) 
1Y3 


ct 


B A 


G* 


X 


X X 


H 


H 


H 


H 


H H 


H 


H 


H 


L 


L L 


L 


L 
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H 


H H 
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H 


■ L 


L H 
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H H 
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H L 


L 
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H 
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H 
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H H 
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H H 
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H 


L 



^C = inputs 1C and 2C connected together 
to = inputs IG and 2G Connected together 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vcc (see Note 1) 7V 

Input voltage (see Note 1) 5.5 V 

Operating free-air temperature range: SN541 55, SN541 56 Circuits -55°Cto125°C 

SN74155,SN741 56 Circuits 0°C to 70°C 

Storage temperature range — 65°Cto 150°C 

NOTE 1 : Voltage values are with respect to networJ; ground terminal. 



recommended operating conditions 





SN54155 


SN74155 


UNIT 


MIN NOM 


MAX 


MIN NOM 


MAX 


Supply voltage Vqc 


4.5 5 


5.5 


4.75 5 


5.25 


V 


Normalized fan-out from each output, N 


High logic level 


20 


20 




Low/ logic level 


10 


10 


Operating free-air temperature range, T^ 


-55 25 


125 


25 


70 


°c 





SN54156 


SN74156 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


Low-level output current, Iql 


16 


16 


mA 


Operating free-air temperature range, T/\ 


-55 25 125 


25 70 


°C 
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CIRCUIT TYPES SN54155, SN54156, SN74155, SN74156 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 



V|H High-level input voltage 



V|L Low-level input voltage 



Vq h '^ iQh-level output voltage 



Vol Low-level output voltage 



l|H 



High-level input current 
(each input) 



Low-level input current 
(each input) 



Iqs Short-circuit output current! 



Ice Supply current 



TEST 
FIGURE 



1 and 2 



TEST CONDITIONS'^ 



Vcc = MlN, V|H = 2V, 

'oh = -800 pA 



Vcc = MIN, 
Iql = 16 mA 



V|L = 0.8 V, 



Vcc = MAX, V|=2.4V 



Vcc = I^AX, V| = 5.5 V 



Vcc = MAX, V| = 0.4V 



Vcc = MAX 



Vcc = MAX 



SN74155 



SN74155 



SN54155, SN74155 



MIN TYP? MAX 



0.8 



-1.6 



-20 



-55 



-57 



25 



35 



40 



mA 



mA 



mA 



mA 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 



Vj(-| High-level input voltage 



V|i_ Low-level input voltage 



Iqh High-level output current 



Vql Low-level output voltage 



High-level input current 
(each input) 



l|L 



Low-level input current 
(each input) 



Ice Supply current 



TEST 
FIGURE 



TESTCONDITIONSt 



Vcc = MIN, 

VoH = 5.5V 



V| = 2 V, 



Vcc = MIN, V|L = 0.8V, 

Iql = 16 mA 



Vcc = MAX, V| = 2.4V 



Vcc = MAX, V| = 5.5V 



Vcc = MAX, V|=0.4V 



Vcc = MAX 



SN54156, SN74156 



MIN TYPt MAX 



0.8 



250 



0.4 



-1.6 



40 



UNIT 



mA 



juA 



mA 



I'For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
JaII typical values are at Vqq = 5 V, T^ = 25 C. 
§ Not more than one output should be shorted at a time. 

switching characteristics, Vcc = 5 V, Ta = 25°C, N = 10 



PARAMETERS 


FROM 
(INPUT) 


TO 
(OUTPUT) 


LEVELS 
OF LOGIC 


TEST 
FIGURE 


TEST 
CONDITIONS 


SN54155 
SN74155 


SN54156 
SN74156 


UNIT 


MIN TYP 


MAX 


MIN TYP 


MAX 


tPLH 


A, B, 2C, 
1G,or2G 


Y 


2 


7 


Cl= 15 pF, 
RL = 400n 


13 


20 


15 


23 


ns 


tPHL 


A, B, 2C, 
1G, or 2G 


Y 


2 


18 


27 


20 


30 


ns 


tPLH 


A orB 


Y 


3 


21 


32 


23 


34 


ns 


tPHL 


A or B 


Y 


3 


21 


32 


23 


34 


ns 


tPLH 


1C 


Y 


3 


16 


24 


18 


27 


ns 


tPHL 


1C 


Y 


3 


20 


30 


22 


33 


ns 



HtpLH ~ propagation delay time, low-to-high-level output 
tPHL ~ propagation delay time, high-to-low-level output 
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CIRCUIT TYPES SN54155, SN54156, SN74155, SN74156 
DUAL 2.LINE-TO-4-LINE DECODERS/DEMULTIPLEXERS 



functional block diagram 



1G 



1C 



SELECT 



DATA 
2C 



STROBE 
2G 




OUTPUT 
2Y1 



OUTPUT 
2Y2 



OUTPUT 
2Y3 
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CIRCUIT TYPES SN54155, SN54156, SN74155, SN74156 
DUAL 2-LINE-T0-44INE DECODERS/DEMULTIPLEXERS 



schematic 
I 




2-- 

m o 



in 



M 



OS 




L. 

r 



J 











O CN 


OO 


OCN 


OO 




^s 


hS 


^^. 


Q. ,- 


0- t- 


Q. CO 


Q. CM 


\-> 


l-> 


H> 


br> 


dC- 


D^ 


Dr- 




e? 


S? 


p>- 


g? 


h-t- 


H- r\ 


H<- 





LU 



to 



Q. n 
O - 



So 

IflCA 
^£ 

ecu 

(32 

hO 

D 



Ox- 




L. 



Ji^ 
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CIRCUIT TYPES SN54155, SN54156, SN74155, SN74156 
DUAL 2-LINE-TO-4-LINE DECODERS/DEMULTIPLEXERS 



d-c test circuits'!" 



PARAMETER MEASUREMENT INFORMATION 




Each output is tested separately. 




Each output is tested separately. 
FIGURE 3-V,„,V,L,l0„ 




Each output is tested separately. 
FIGURE 5-lo3 

^Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 




Each output is tested separately. 



SEE 
NOTE 



-O 1G 
1C 



1Y0 
1Y1 
1Y2 
1Y3 
2Y0 
2Y1 
2Y2 
2Y3 



>OPEN 



Each input is tested separately for both Im 

and l|[_. Inputs not under test are grounded. 

FIGURE4-1T7., I. 



IH' IL 



4.5 V O- 



CC 



1V0 
1Y1 

1Y2 
1Y3 
2Y0 
2Y1 
2Y2 
2Y3 



> OPEN 



FIGURE 6-1, 



9-172 



Texas Instruments 

I NCORPORATED 

POST OFFICE BOX 5012 . DALLAS, TEXAS 75222 



CIRCUIT TYPES SN54155, SN54156, SN74155, SN74156 
DUAL 2-LINE-TO-4-LINE DECODERS/DEMULTIPLEXERS 

PARAMETER MEASUREMENT INFORMATION 
switching characteristics 



INPUT 



OUTPUT 
Q 



TO INPUT 
UNDER TEST 



TRUTH 

TABLE 

GENERATOR 

(See Note A) 




TEST CIRCUIT 



<10 ns 



INPUT 




<10ns 



NONINVERTING 
OUTPUTS 



INVERTING 
OUTPUTS 



TLH" 



1.5V 




1.5 V 



10% 



1.5V 



'PHL" 



r" ^LH' 



1.5V. 



3.5 V 



OV 



'OH 



'OL 



'OH 



'OL 



VOLTAGE WAVEFORMS 



NOTES: A. The truth table generator has the following characteristics: PRR = 1 MHz, Zq^^ » 50 fi, t^ = 100 ns. 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1 N3064. 

FIGURE 7-PROPAGATION DELAY TIME 
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CIRCUIT TYPES SN54155; SN54156, SN74155, SN74156 
DUAL 24INE-T0-4.LINE DECODERS/DEMULTIPLEXERS 

TYPICAL APPLICATION DATA 



THE SN54155, SN74155, SN54156, or SN74156 may be used as a dual 2-line-to-4-line decoder or a 1-line-to-4-line 
demultiplexer. These applications are identical except as follows: 

When decoding, the 2-line code is applied to select inputs A and B. The 4-line output section (1Y0, 1Y1, 1Y2, 1Y3) is 
enabled by taking strobe 1G low and input 1C high. The other 4-line output section (2Y0, 2Y1, 2Y2, 2Y3) is enabled 
by taking both strobe 2G and input 2C low. Note that the separate enable lines permit the user complete flexibility in 
decoding at either or both of the output sections. The strobe also permits cascading and allows disabling of the circuits 
until the addressing transients have passed. 

When demultiplexing, the serial data is applied to the data inputs 1C and 2C and distribution to the outputs is 
controlled by the A and B select inputs. Again, the separate strobe inputs, 1G and 2G, permit demultiplexing to occur 
at either or both output sections, and cascading. 

SN54155, SN74155. SN54156, SN74156 
2Y0 2Y1 2Y2 2Y3 1Y0 1Y1 1Y2 1Y3 



-M-H- 



T\ 



V~Tf 



Jrk 



i_ 




J 



2G 20 

ENABLE /DATA 



1G 1C 

ENABLE /DATA 



ADDRESS -SELECT 
DUAL 2-LINE-T0-4-LINE DECODER/1-TO-4-L1NE DEMULTIPLEXER 



Any of these circuits may also be used as a 3-line-to-8-line decoder or a 1-line-to-8-line demultiplexer. 

When used as a decoder, data inputs 1C and 2C are connected together and serve as the third (C) select line. The strobes 

are also connected together and are used for enabling and/or cascading. 

When used as a demultiplexer, the common strobe line serves as the data input. 



SN54155, SN74155, SN54156, SN74156 
2Y0 2Y1 2Y2 2Y3 1Y0 1Y1 1Y2 1Y3 



- H - H - 



Q 



-t ttl - 1 



L_. 




J 



STROBE 

OR 

DATA INPUT 



ADDRESS -SELECT 



3-LINE-TO-8-LINE DECODER/1-TO-8-LINE DEMULTIPLEXER 
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CIRCUIT TYPES SN5445, SH54145, SN7445, SN74145 
BCD-TO-DECIMAL DECODER/DRIVERS 



logic 



TTL MSI LAMP, LOGIC. OR MOS DRIVERS 
featuring 
• Full Decoding of Input Logic • 80 mA Sink-Current Capability 



TRUTH TABLE 



INPUTS ' 


OUTPUTS 1 


D 


c 


B 


A 







2 


3 


4 


5 


6 


7 


8 


9 









































































1 


'0 





























1 




























1 






























1 






























1 


1 



























1 


1 
















































































^ 










1 
























1 





1 
















1 










1 






























1 





























1 


1 



























1 


1 




ih 



















description 



These monolithic BCD-to-decimal decoder/drivers 
consist of eight inverters and ten four-input NAND 
gates. The inverters are connected in pairs to mal<e 
BCD input data available for decoding by the NAND 
gates. Full decoding of valid BCD input logic ensures 
that all outputs remain off for all invalid binary input 
conditions. These decoders feature TTL inputs and 
high-performance, n-p-n output transistors designed 
for use as indicator/relay drivers or as open-collector 
logic-circuit drivers. Each of the high-breakdown 
output transistors (SN5445, SN7445 = 30 volts and 
SN54145, SN74145 = 15 volts) will sink up to 80 
milliamperes of current. Each input is one normalized 
Series 54/74 load. Inputs and outputs are entirely 
compatible for use with TTL or DTL logic circuits, 
and the outputs are compatible for interfacing with 
most MOS integrated circuits. Power dissipation is 
typically 215 milliwatts. 



J OR N DUAL-IN-LINE OR 
W FLAT PACKAGE (TOP VIEWJ^ 



INPUTS 



OUTPUTS 



'CC 



C^ 




16 15 14 13 12 11 



BCD-TO-DECIMAL 
1 23456789 



n n n n M u 



H 



GND 



OUTPUTS 



positive logic: see truth table 



tPin assignments for these circuits are the same for all packages. 
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CIRCUIT TYPES SN5445, SN54145, SN7445, SN74145 
BCD-TO-DECIMAL DECODER/DRIVERS 



absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply Voltage Vcc (See Note 1 ) 7 V 

Input Voltage, Vjn (See Note 1) 5.5 V 

Maximum Current into each Output (See Note 2) 1mA 

Operating Free-Air Temperature Range: SN5445, SN54145 Circuits -55°Cto125°C 

SN7445, SN74145 Circuits 0°C to 70°C 

Storage Temperature Range -65°Cto150°C 

NOTES: 1. These voltage values are with respect to network ground terminal. 
2. This rating applies when the output is off. 



recommended operating conditions 

Supply Voltage Vcc (See Note 1 ): SN5445, SN54145 Circuits 

SN7445,SN74145 Circuits . 
Voltage on any Output (See Note 2) : SN5445, SN7445 Circuits. 

SN54145, SN74 145 Circuits 



MIN 


NOM 


MAX 


UNIT 


4.5 


5 


5.5 


V 


4.75 


5 


5.25 


V 


30 


V 






15 


V 



electrical characteristics over recommended operating temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONSl^ 


MIN TYPt MAX 


UNIT 


Input voltage required to ensure 
'" logical 1 at any input terminal 


1 

and 

2 




2 


V 


Input voltage required to ensure 
logical at any input terminal 


1 

and 

2 




0.8 


V 


Von On-state output voltage 


1 


Vcc = MIN, Ijjnk = 80 mA 


0.5 0.9 


V 


Vcc = MIN, Isink = 20 mA 


0.4 


V 


Off-state output voltage 
°^^ (SN5445 or SN7445) 


2 


Vcc = MAX, loff = 250 ^A 


30 


V 


Off-state output voltage 
°^* (SN54145 or SN74145) 


2 


Vcc = MAX, loff = 250 nA 


15 


V 


Logical 1 level Input 
current (each Input) 


3 


Vcc = MAX, Vjn = 2.4 V 


40 


mA 


Vcc = MAX, Vjn = 5.5 V 


1 


mA 


Logical level Input 
current (each input) 


4 


Vcc = MAX, Vjn = 0.4 V 


-1.6 


mA 


'CC Supply current 


4 


Vcc = MAX 


SN5445, 
SN54145 


43 62 


mA 


SN7445, 
SN74145 


43 70 


mA 



switching characteristics, Vqq = 5 V, T^ = 25° C 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Propagation delay time to 
^^ logical 1 level 


5 


Cl = 15pf, Rl = 100 n 


50 


ns 


Propagation delay time 
^ to logical level 


5 


Cl = 15pf, RL = 100n 


50 


ns 



For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type, 
Jam typical values are at Vpc = 5 V, T/j^ = 25°C. 
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CIRCUIT TYPES SN5445, SN54145, SN7445, SN74145 
BCD-TO-DECIMAL DECODER/DRIVERS 



functional block diagram 




















DECODER/DRIVER GATES 
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INPUT INVERTERS 
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OUTPUT 2 
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INPUT B O — 
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OUTPUT 3 
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OUTPUT 4 








i 
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I y^ 
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OUTPUT 5 


INPUT C CD- 
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V^ 
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< 
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< 


























OUTPUT 6 
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D 
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Kcw 
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OUTPUT 7 1 


INPUT D O— 














po- 




n D 
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OUTPUT 8 
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I y^ 




























OUTPUT 9 
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CIRCUIT TYPES SN5445, SN54145, SN7445, SN74145 
BCD-TO-DECIMAL DECODER/DRIVERS 



schematic 



Vcc*- 



INPUTO- 



/\ 



-O Vcc 



4 kn < 3 kn 



kQ 



3kn 






1.5 kQ 



GND-^ • 



INTERNAL 

A, B, C, OR D 



INTERNAL 

A, B, C, OR D 



-O GND 



^cc*- 



EACH PAIR OF INPUT INVERTERS 



5kQ 



320 Q 



INTERNAL 
CONNECTION 
TO INPUT 
INVERTERS 
(SEE LOGIC 
DIAGRAM) I— I 



ryJJTJ 



\ 



^' 



2kQ 



< 



kQ 



2kQ 



GND <4- 



EACH DECODER/DRIVER GATE 



NOTE : 1. Component values shown are nominal. 



-O OUTPUT 
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CIRCUIT TYPES SN5445, SN54145 ,SN7445, SN74145 
BCD-TO-DECIMAL DECODER/DRIVERS 



d-c test circuits 



PARAMETER MEASUREMENT INFORMATION 



'o— 




o 


TEST 




PER 


o— 


TRUTH 
TABLE 


p — 






I- 

1. Each output is tested separately in the ON state. 



FIGURE 1 



inO- 




^OPEN 



1 . Each input is tested separately. 



FIGURES 



t Arrows indicate actual direction of current flow 




1. Each output is tested separately in the OFF state. 



FIGURE 2 



in(0) 



V. 



SEE 
NOTE 




>OPEN 



1. When testing l|n(o) ^"^"^^ '"P"'' '^ ^^^^^ separately. 

2. When testing \qq all inputs ore grounded and 
outputs are open. 



FIGURE 4 
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CIRCUIT TYPES SN5445, SN54145, SN7445, SN74145 
BCD-TO-DECIMAL DECODER/DRIVERS 



switching characteristics 



PARAMETER MEASUREMENT INFORMATION 



Vrr = 5 V 



INPUT 



8-4-2-1 

TRUTH-TABLE B 
GENERATOR 
(See note 1) q 




TEST CIRCUIT 



TYPICAL INPUT 
VOLTAGE 

WAVEFORMS 
(See Note 1) 



TYPICAL OUTPUT 

VOLTAGE 

WAVEFORMS 




NOTES: 1. The truth-table generator has the following characteristics: 
Vout(l^ - 2.4 V, V^y^^Qj^ < 0.4 V, tr and tf < 10 ns, and 
PRR = 1 MHz, Inputs B, C, and D transitions occur simul- 
taneously with or prior to input A transitions. 
2. Cl includes probe and [ig capacitance. 



FIGURE &«WITCHING TIMES 
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CIRCUIT TYPES SN5446A, SN5447A, SN5448, SN5449 

SN7446A, SN7447A, SN7448, SN7449 

BCD-TO-SEYEN-SEGMENT DECODER/DRIVERS 



SN5446A, SN5447A, SN7446A, SN7447A 

featuring 

• DIRECT DRIVE FOR INDICATORS 

• OPEN COLLECTOR OUTPUTS 

• LAMP-TEST PROVISION 

• LEADING/TRAILING ZERO SUPPRESSION 

• CERAMIC OR PLASTIC 
DUAL-IN-LINE PACKAGES 



SN5448. SN7448 

featuring 

• PASSIVE PULL UP OUTPUTS 

• LAMP-TEST PROVISION 

• LEADING/TRAILING ZERO SUPPRESSION 

• CERAMIC OR PLASTIC 

DUAL-IN-LINE PACKAGES 



SIM5449, SN7449 

featuring 

• OPEN-COLLECTOR OUTPUTS 

• BLANKING INPUT 

• WELDED FLAT PACKAGE 



J OR N DUAL-IN-LINE OR W FLAT PACKAGE (TOP VIEW)!' 
SN5446A, SN5447A, 
SN7446A, SN7447A SN5448, SN7448 



SN5449, SN7449 
W FLAT PACKAGE (TOP VIEW) 



jMaaasHMiL, 




iiiiijMjLfiiniJiirLLr 



LAMP RB RB \E____4v GND 

INPUTS "5T OUT- IN- INPUTS 



JiCHRMi^^ 




iJiUlMinjiMl^^ 



^B C^ LAMP RB RB ,D A, GND 

INPUTS put" put inputs 



vcc 



® ® ® ® ® © ® 




© ® ® ® ® ® 



positive logic: see truth tables 



^Pin assignments for these circuits are the same for all packages. 



ALL CI RCUIT TYPES FEATURE: 



description 



• TTL-DTL COMPATIBILITY 

• FULL DECODING OF ALL 16 INPUT COMBINATIONS 

• LAMP INTENSITY MODULATION CAPABILITY 



These monolithic, TTL, BCD-to-seven-segment decoder/drivers consist of NAND gates, input buffers, and seven 
AND-OR-INVERT gates. Three configurations offer active-low, high-sink-current outputs (SN5446A and SN5447A) for 
driving indicators directly; active-high, passive-pull-up outputs, (SN5448) and active-high, open-collector outputs 
(SN5449) for current-sourcing applications to drive logic circuits or discrete, active components. Seven NAND gates 
and one driver are connected in pairs to make BCD data and its complement available to the seven decoding AND-OR- 
INVERT gates, and the remaining NAND gate and three input buffers provide lamp test, blanking input/ripple-blanking 
output, and ripple-blanking input for the SN5446A, SN5447A and SN5448. Four NAND gates and four input buffers 
provide BCD data and its complement and a buffer provides blanking input for the SN5449. See functional block 
diagrams. 

The circuits accept 4-bit binary-coded-decimal (BCD) and, depending on the state of the auxiliary inputs, decodes this 
data to drive a seven-segment display indicator (SN5446A and SN5447A) or other components (SN5448, SN5449). 
The relative positive-logic output levels, as well as conditions required at the auxiliary inputs, are shown in the truth 
tables. Output configurations of the SN5446A and SN5447A are designed to withstand the relatively high voltages 
required for seven segment indicators. The SN5446A outputs will withstand 30 volts, and the SN5447A will withstand 
15 volts, with a maximum reverse current of 250 microamperes. Indicator segments requiring up to 40 milliamperes of 
current may be driven directly from the SN5446A or SN5447A^!t|iah-performance output transistors. Segment 
identification with resultant displays are shown in Figure A. Display patterns for BCD input counts above 9 are unique 
symbols to authenticate input conditions. 
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CIRCUIT TYPES SN5446A, SN5447A, SN5448, SN5449 
SN7446A, SN7447A, SN7448, SN7449 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 



description (continued) 

The SN5446A, SN5447A, and SN5448 circuits incorporate automatic leading and/or trailing-edge zero-blanl<ing control 
(RBI and RBO). Lamp test (LT) of these types may be performed at any time when the BI/RBO node is a logical 1 . All 
types contain an overriding blanking input (Bl) which can be used to control the lamp intensity or to inhibit the 
outputs. All inputs except the BI/RBO nodes are one normalized Series 54/74 load. Inputs and outputs are entirely 
compatible for use with TTL or DTL logic outputs. Power dissipation is typically 320 milliwatts (SN5446A, 
SN5447A, and SN5448) or 165 milliwatts (SN5449). 

The SN5446A, SN5447A, SN5448 and SN5449 are characterized for operation over the full military temperature range 
of -55°C to 125°C. The SN7446A, SN7447A, SN7448, and SN7449 (electrically identical to the corresponding 
Series 54 types) are for operation over the temperature range of 0°C to 70°C. 



TRUTH TABLE SN5446A, SN5447A, SN7446A, SN7447A 



DECIMAL 

OR 

FUNCTION 


LT 


RBI 


D 


c 


B 


A 


BI/RBO 


a 


b 


J. 


d 


e 


f 


g 


NOTE 





1 


1 






















T" 











1 


1 


1 




X 















1 
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1 
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1 


1 


2 




X 




















1 








1 







3 




X 




























1 







4 




X 





1 










1 








1 












5 




X 





1 












1 


















6 




X 





1 
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1 



















7 




X 





1 

















1 
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1 




8 




X 






































9 




X 























1 












10 




X 
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1 


1 







1 







11 




X 
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1 










1 







12 




X 




1 









1 







1 












13 




X 




1 












1 

















14 




X 




1 
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1 


















15 




X 




1 
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1 




1 




1 


1 




Bl 


X 


X 


X 


X 


X 


X 





1 


1 




1 




1 


1 


2 


RBI 


1 




















1 


1 




1 




1 


1 


3 


LT 





X 


X 


X 


X 


X 


1 























4 



1 . BI/RBO is wire-AND logic serving as blanking input (Bl) and/or ripple-blanking output (RBO). The blanking input (Bl) must be 
open or held at a logical 1 when output functions through 15 are desired, and the ripple-blanking input (RBI) must be open or 
at a logical 1 if blanking of a decimal is not desired. X = input may be high or low. 

2. When a logical is applied directly to the blanking input (forced condition) all segment outputs go to a logical regardless of the 
state of any other input condition. 

When the ripple-blanking input (RBI) and inputs A, B, C, and D are at logical 0, with the lamp test input at logical 1 , all segment 
outputs go to a logical 1 and the ripple-blanking output (RBO) goes to a logical (response condition). 

When the blanking input/ripple-blanking output (BI/RBO) is open or held at a logical 1, and a logical is applied to the lamp-test 
input, all segment outputs go to a logical 0. 



3. 



4. 
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CIRCUIT TYPES SN5448, SN7448, SN5449, SN7449 
BCD-TO-SEYEN-SEGMENT DECODER/DRIVERS 



TRUTH TABLE SN5448, SN7448 



DECIMAL 

OR 

FUNCTION 


LT 


RBI 


D 


c 


B 


A 


BI/RBO 


g 


b 


c 


d 


e 


f 


g 


NOTE 







1 
















1 


1 




1 


1 


1 





1 


1 




X 


















1 
















1 


2 




X 















1 


1 






1 









3 




X 














1 


1 
















4 




X 





1 












1 






n 


1 






5 




X 





1 








1 












1 






6 




X 





1 


















1 


1 






7 




X 





1 
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NOTES: 1. BI/RBO is wire-AND logic serving as blanking input (Bi) and/or ripple-blanking output (RBO), T .e blanking input (Bl) must be 
open or held at a logical 1 when output functions through 15 are desired, and the ripple-blanking input (RBI) must be open or 
at a logical 1 if blanking of a decimal is not desired. X = input may be high or low. 

2. When a logical is applied directly to the blanking input (forced condition)- all segment outputs go to a logical regardless of the 
state of any other input condition. 

3. When the ripple-blanking input (RBI) and inputs A, B, C, and D are at logical 0, with the lamp test at logical 1, all segment 
outputs go to a logical and the ripple-blanking output (RBO) goes to a logical (response condition). 

4. When the blanking input/ripple-blanking output (BI/RBO) is open or held at a logical l.and a logical is applied to the lamp-test 
input, all segment outputs go to a logical 1 . 



TRUTH TABLE SN5449, SN7449 

\ I OUTPUTS- 



DECIMAL 

OR 

FUNCTION 
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e 
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NOTES: 1. The blanking input must be open or held at a logical 1 when output functions 
through 15 are desired. 

2. When a logical is applied to the blanking input all segment outputs go to a 
logical regg^less of the state of any other input condition. 
X = input may &e high or low. 
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CIRCUIT TYPES SN5446A, SN5447A, SN5448, SN5449 
SN7446A, SN7447A, SN7448, SN7449 
BCD-T0-SEYEN-SE6MENT DECODER/DRIVERS 



SEGMENT IDENTIFICATION 



1 1 

LI 
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1 

L 


1 
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1 1 
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IJ 
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1 1 
IJ 


1 1 
1! 
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3 4 5 6 7 8 9 10 11 12 13 14 15 

NUMERICAL DESIGNATIONS - RtSULlANl DISPLAYS 

FIGURE A 



-55°Cto125°C 



-65 C to 150 C 



absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply Voltage Vcc (See Note 1 ) ^ ^ 

Input Voltage, Vjn (See Notes 1 and 2) • ^-^ ^ 

Current Into any Output of SN5446A, SN7446A, SN5447A, SN7447A, SN5449, SN7449 Circuits (See Not^e 3) 1 mA 

Operating Case Temperature Range: SN5449 Circuits -55 C to 125 C 

Operating Free-Air Temperature Range: 

SN5446A, SN5447A, SN5448 Circuits 

SN7446A, SN7447A, SN7448, SN7449 Circuits ^^Pl^^°J°I^ 

Storage Temperature Range 

NOTES: 1 . These voltage values are with respect to network ground terminal. 

2. Input voltage must be zero or positive with respect to network ground terminal, 

3. This rating applies when the output is off. 

recommended operating conditions 

Supply Voltage Vqc (See Note 1): 

SN5446A, SN5447A, SN5448, SN5449 Circuits 

SN7446A, SN7447A, SN7448, SN7449 Circuits 

Continuous Voltage at Outputs a through g: 

SN5446A, SN7446A Circuits 

SN5447 A, SN7447A Circuits . . 

SN5449, SN7449 Circuits 

Normalized Fan-Out From Outputs a through g to Series 54/74 Loads: 

SN5446A,SN7446A,SN5447A,SN7447A Circuits 

SN5448, SN7448 Circuits 

SN5449, SN7449 Circuits 

Normalized Fan-Out From BI/RBO Node to Series 54/74 Loads: 

SN5446A, SN7446A, SN5447A, SN7447A, SN5448, SN7448 Circuits . . 

Output Sink Current, Isink^ 

SN5446A, SN7446A, SN5447A, SN7447A Outputs a through 9 .... 

SN5448, SN7448 Outputs a through g 

SN5449, SN7449 Outputs a through g 

SN5446A, SN7446A, SN5447A, SN7447A, SN5448, SN7448 BI/RBO Node 



IMIN NOM MAX 


UNIT 


4.5 5 5.5 


V 


4.75 5 5.25 


V 


30 


V 


15 


V 


5.5 


V 


24 




4 




6 




5 




40 


mA 


6.4 


mA 


10 


mA 


8 


mA 
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CIRCUIT TYPES SN5446A, SN5447A, SN7446A, SN7447A 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS^ 


MIN TYP^ MAX 


UNIT 


Input voltage required to ensure 
in(l) logical 1 at any Input 


1 
and 
2 




2 


V 


Input voltage required to ensure 
ln(0) logical at any Input 


1 

and 

2 




0.8 


V 


On-state output voltage at 
on outputs a through g 


1 


V^^=MIN, 1 . =40 mA 
CC sink 


0.3 0,4 


"V 


Logical output voltage at 
out(0) Bi/RBO node 


1 


V. =MIN, 1 . =8mA 
CC sink 


0.3 0.4 


V 


Off -state output voltage at 
V outputs a through g (SN5446A 
° and SN7446A only) 


2 


V^ =MAX, 1 , =250uA 
CC off '^ 


30 


V 


Off-state output voltage at 
V outputs a through g (SN5447A 
° and SN7447A only) 


2 


V^^ = MAX, l^^j = 250(aA 


15 


V 


Logical 1 output voltage at 
out(l) BI/RBO node 


2 


V^^ = MIN, 1, , = -200 uA 
CC load '^ 


2.4 3.7 


V 


Logical level input current 
ln(0) at any Input except BI/RBO node 


3 


V^^ = MAX, V =0.4 V 
CC in 


-1.6 


mA 


Logical level input current 
ln(0) at BI/RBO node 


3 


V^^ = MAX, V. =0.4 V 
CC in 


-4,2 


mA 


Logical 1 level input current 
In(l) at any Input except BI/RBO node 


4 


V^^ = MAX, V. =2.4 V 
CC in 


40 


hA 


V^^ = MAX, V. =5.5 V 
CC in 


1 


mA 


Short-circuit output current 
OS at BI/RBO node 


5 


V^^ = MAX 


-4 


mA 


1 Supply current 


4 


V = MAX 


SN5446A,SN5447A 


64 85 


mA 


SN7446A, SN7447A 


64 103 


mA 



+ For conditions shown as MIN or MAX,use the appropriate value specified under recommended operating conditions 

for the applicable device type. 
f All typical values are at Vqq = 5 V, T^ = 25°C. 



switching characteristics, ^qq = 5 V, T^ = 25° C 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Propagation delay time to logical 
pdl 1 level from A input to any output 


6 


C. =15pF, R =120Q 


100 


ns 


Propagation delay time to logical 
pdO level from A input to any output 


6 


C = 15pF, R =120n 


100 


ns 


Propagation delay time to logical 
t 1 level from RBI Input to any 
output 


6 


C|^=15pF, R|^=120Q 


100 


ns 


Propagation delay time to logical 

t ,„ level from RBI Input to any 
PdO ^ ^ 
output 


6 


C =15pF, R =120Q 


100 


ns 
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CIRCUIT TYPES SN5448, SN7448, SN5449, SN7449 
BCD-TO-SEYEN-SEGMENT DECODER/DRIVERS 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS t 


MIN TYP f MAX 


UNIT 


Inpuf voltage required to 
in(l) ensure logical 1 at any input 


1 

and 

2 




2 


V 


Input voltage required to ensure 
in(0) logical at any input 


1 

and 

2 




SN5449 


0.6 


V 


All others 


0.8 


Logical output voltage at any 
out(0) output (SN5448, SN7448 only) 


1 


V^^ = MIN, 1 . , =MAX 
CC sink 


0.27 0.4 


V 


On-state output voltage at any 
on output (SN5449, SN7449 only) 


1 


V^^ = MIN, 1 . , =MAX 
CC sink 


0.27 0.4 


V 


Logical 1 level output voltage at 
out(l) outputs a through g(SN5448,SN7448) 


2 


\c = '^'^''load = -^°°»^^ 


2.4 4.2 


V 


Logical 1 level output at BI/RBO 
out(1) node (SN5448, SN7448 only) 


2 


^CC = ^'^''laad = -^°t^* 


2.4 3.7 


V 


Load current available at outputs 
load a through g (SN5448, SN7448 only) 


2 


V = MIN, V =0.85 V 
CC out 


-1.3 -2 


mA 


Off -state output voltage at any 
off output (SN5449, SN7449 only) 


2 


V^^ = MAX, 1 „ = 250 fiA 
CC off '^ 


5.5 


V 


Logical level Input current at 
1. any input (except BI/RBO node 
'"^ ' of SN5448, SN7448) 


3 


V^^ = MAX, V. =0.4 V 
CC m 


-1.6 


mA 


Logical level input current at 
1. ,„, BI/RBO node (SN5448, SN7448 
only) 


3 


V = MAX, V. =0.4 V 


-4.2 


mA 


Logical 1 level input current 
1. at any input (except BI/RBO 
'"^^^ node of SN5448, SN7448) 


4 


V^^ = MAX, V. =2.4 V 
CC in 


40 


mA 


V^^ = MAX, V. = 5.5 V 
CC in 


1 


mA 


Short-circuit output current at 
1 any output (except outputs a through 
g of SN5449, SN7449) 


5 


V^^ = MAX 


-4 


mA 


'(-(- Supply current 


4 


SN5448 


53 76 


mA 


SN7448 


53 90 


mA 


SN5449 


33 47 


mA 


SN7449 


33 56 


mA 



t For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions for the 

applicable device type, 
t These typical values are at V = 5 V, T = 25°C 



switching characteristics, Vqq = 5 V, T^ - 25° C 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS § 


MIN TYP MAX 


UNIT 


Propagation delay time to logical 
pdl 1 level from A input to any output 


6 


C^=15pF 


100 


ns 


Propagation delay time to logical 
pdO level from A input to any output 


6 


C^ = 15PF 


100 


ns 


Propagation delay time to logical 
*p£j| 1 level from RBI input to any 
output 


6 


C^ = 15 pF 


100 


ns 


Propagation delay time to logical 

Vdo '®''^' '"■Of" "B' '"?"*■ '■° °"y 

output 


6 


C|^=15pF 


100 


ns 



§Rl = 1 kn for SN5448 and SN5449; R|_ = 667 fi for SN7448 and SN7449. 

-SEE ORDERING INSTRUCTIONS PAGE 1-1- 
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CIRCUIT TYPES SN5446A, $H5447A, SM7446A, SN7447A 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 



functional block diagram 



BLANKING 

INPUT OR 

RIPPLE-BLANKING 

OUTPUT 



lAMP-TEST 
INPUT 



RIPPLE-BLANKING^ 
INPUT 



OUTPUT 
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CIRCUIT TYPES SN5446A, SH5447A, SH7446A, SN7447A 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 



schematic diagram 



4kn:: 



BLANKING INPUT 



l<n:; tkai 



3.7 knj: 14 kn 





:;4fcn 





:;4kn 



LAMP TEST 
Component values shown are nominal 



A B C D 

J777\ 



ABC. 

-/?T\ 



ABC. 



ITl 



c dI 

I 4kn 

"_| VA— I I 

Bcl 




AB CI 



4 to 

I VWrH I 

A B Cl 



K 






A C D 

JT7\ 



" 1 I W^h 



2kq;: 



[1 



■c 



^ OUTPl 

■c ^ 



^ 



c 



tS 



Zkni; 



\. 



2kn;i 



K 



<r 



c • 



K 



c ' 
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CIRCUIT TYPES SN5448, SN7448 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 



functional block diagram 



INPUT 



INPUT 



INPUT 



INPUT 
D 



BLANKING 

INPUT OR 

RIPPLE-BLANKING 

OUTPUT 



LAMP-TEST 
INPUT 



RIPPLE-BLANKING 
INPUT 



OUTPUT 




OUTPUT 



OUTPUT 
f 



OUTPUT 

9 
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CIRCUIT nPES SN5448, SN7448 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 



schematic diagram 




BLANKING INPUT 



1 




2.4 kn J ;;4i<n 



T 




\J 



AB C D . 

.fTTTX 



i 




LAMP TEST 

Compenent values shown are nominal 
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functional block diagram 



CIRCUIT TYPES SN5449, SN7449 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 



OUTPUT 



BLANKING 
INPUT 
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CIRCUIT nPES SN5449, SN7449 
BCD-TO-SEVEN SEGMENT DECODER/DRIVERS 



schematic diagram 



3.7kn;; *ka:' 





Component values shown are nominal. 



A B 5 D I 4kn 
I 



BD I 4k0 
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CIRCUIT TYPES SN5446A, SN5447A, SN5448, SN5449 

SN7446A, SN7447A, SN7448, SN7449 

BCD-TO-SEYEN-SEGMENT DECODER/DRIVERS 



PARAMETER MEASUREMENT INFORMATION 



d-c test circuitst 




1. Measure Von ^°'' SN5446A, SN5447A, SN5449, SN7446A, 
SN7447A, and SN7449. Measure Vq^^jq) for SN5448 



and SN7448. 



FIGURE 1 





1. 


1(0) 




♦■ 




V. 
m 











SEE 
NOTE 



B b 

C c 

D d 

LT* e 

RBI * f 

BI/RBO § g 



T 



1. Each input is tested separately. 



FIGURES 



1. Measure V^ff for SN5446A, SN5447A, SN5449, SN7446A 
SN7447A, and SN7449. 

2. Measure Vqu^c) for SN5448 and SN7448. 

FIGURE 2 



CC. 



'in(l), 



SEE 
NOTE 



C 
D 

RBI t 



1. Each input is tested separately for ljn(i)- 



FIGURE 4 



'ln(l) 



;n(0) 



1 . Each output is tested separately. 



TEST 

PER 

TRUTH 

TABLE 



'os' 



-< LT'^ 
-o| RBI i 
BI/RBO 



^ 



7 



FIGURES 



'Arrows indicate actual direction of current flow. Logic symbol used is representative for all types. 

JAvailable on SN5446A, SN5447A, SN5448, SN7446A, SN7447A, and SN7448 only. 

§BI is available on all types. RBO node is available on SN5446A, SN5447A, SN5448, SN7446A, SN7447A, and SN7448 only. 
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CIRCUIT TYPES SN5446A, SN5447A, SN5448, SN5449 
SN7446A, SN7447A, SN7448, SN7449 
BCD-TO-SEYEN-SEGMENT DECODER/DRIVERS 



PARAMETER MEASUREMENT INFORMATION 



switching characteristics 




TEST CIRCUIT 



TYPICAL INPUT 

VOLTAGE 
WAVEFORMS 
(SEE NOTE 2) 



TYPICAL OUTPUT 

VOLTAGE 
WAVEFORMS 



INPUTS B, C, OR D 



(SEE NOTE 2) 



pdl 



-V 



SN5446A/SN5447A/SN5448, 
SN7446A/SN7447A/SN7448, ■ 
INPUTS A, B, C, and D 

SN 5446 A/S N 5447 A/SN 5448 , 
SN7446A/SN 7447 A/SN 7448, 
RBI INPUT 



SN5446A/SN5447A, 
SN7446A/SN7447A 
OUTPUT a 



I pdO 
VOLTAGE WAVEFORMS— A INPUT TO OUTPUTS 



SN5448/SN5449, 
SN7448/SN7449 
OUTPUT a 



'pd(l) 



1.5V 



inO) 

''in(0) 
U) 

Uo) 

''out(l) 

,t(0) 
^out(l) 

''ouHO) 

n(l) 
^in(0) 

^in(0) 
^out(0) 

uKD 

.t(0) 



-V, 



~^ pd(0) 
Bl INPUT TO OUTPUTS 



VOLTAGE WAVEFORMS- 

JOTES: 1. The truth table generator and pulse generator have the following characteristics: 
V >24V V ,<0.4V, t and t < 10 ns, and PRR = 1 MHz. 

^out(l) ' out(O) ' r f 

2. Inputs B, C, and D transitions occur simultaneously with or prior to 
input A transitions. RBI =4.5 V. 

3, C Includes probe and jig capacitance, 

^Available on SN5446A, SN5447A, SN5448, SN7446A, SN7447A, and SN7448 only. 

§BI is available on all types. RBO node is available on SN5446A, SN5447A, SN5448, SN7446A, SN7447A, 

and SN7448 only. 

FIGURE 6-SWITCHING TIMES 
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CIRCUIT TYPES SN5446A, SN5447A, SN5448, SN5449 

SN7446A, SN7447A, SN7448, SN7449 

BCD-TO-SEYEN-SEGMENT DECODER/DRIVERS 



TYPICAL INPUT/OUTPUT VOLTAGE WAVEFORMS 



A TojTi2fTi4j5iirnif9iiorniT#%^ 



SN5446A/SN7446A f^^ 
SN5447A/SN7447aJ 
SN5448/SN7448 | j. . 



ONLY 



BI/R60 



SN5446A/SN7446A 
SN5447A/SN7447A 
OUTPUTS 




X X INPUT MAY BE HIGH OR LOW 




SN5448/SN7448 
SN5449/SN7449 <{ 
OUTPUTS 



NOT 

APPLICABLE 

SN5449/SN7449 

NOTE 1 : For the SN5446A, SN5447A, SN5448, SN7446A. SN7447A, and SN7448 this logical represents the RBO response. 
For the SN5449 and SN7449 a logical pulse is applied to the blanking input. 
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CIRCUIT TYPES SH5446A, SN5447A, SN5448, SN5449 
SN7446A, SN7447A, SN7448, SN7449 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 



driving indicators directly (see Figure B) 



APPLICATIONS DATA 



SEVEN-SEGMENT INDICATOR 



a b c d e f g 
RBI SN5446A/ Bi/RBo 
SN5447A 
A B C D LT 












LAMP 


A B C D 
STORAGE ELEMENT 

SN5475 
A B C D 


TEST 












A B C D 

DECADE COUNTER 

SN5490 

A 





This application demonstrates how the SN5446A or 
SN5447A may be used to drive seven-segment indi- 
cators directly. The output transistors of these two 
circuit types will sink up to 40 milliamperes of cur- 
rent; therefore, external components are not re- 
quired. 

Also illustrated is how the quadruple latch (SN5475) 
and decade counter (SN5490) may be utilized to 
acquire and store the numeral to be displayed. The 
method shpwn is typical of a single stage and a 
number of methods are possible for distributing the 
BCD data from the decade counter to the quadruple 
latch. 

n-digit display with leading-and trail ing-edge 
blanking (see Figure C} 

This application demonstrates a method for driving 
incandescent, seven-segment, display indicators 
directly from the output of the SN5446A, or 
SN5447A decoder with provisions for leading-edge 
and trailing -edge zero-blanking, intensity control, and 
lamp test. 

Leading-edge and trailing-edge zero blanking is illustrated for a six-digit mixed integer with zero indications suppressed 
for the two most-significant decades (MSD) of the whole number and the two least-significant decades (LSD). This 
scheme causes the number to be displayed in its easily identified, common form. Blanking is accomplished by 
grounding RBI inputs of most-significant and least-significant decades and interconnecting the BI/BRO nodes of these 
two decades to the ripple-blanking inputs of the adjacent decades. This improves readability by inhibiting suppression 
of zeros occurring on either side of the decimal point. The ripple-blanking inputs of the decades on either side of the 
fixed decimal point are inhibited by connecting to a 5-volt d-c source. 

Intensity control is accomplished at all six of the decoder/drivers by modulating the blanking input with a multivibrator. 
Best results are obtained with a modulation source in which the duty cycle can be varied. Individual drivers are required 
as they are wire-OR connected with the ripple-blanking functions. 

As the lamp- test input is only one load, a number (up to ten) of these may be driven from a single Series 54/74 circuit. 



DATA 
PULSES 



FIGURE B 




p-<RBI BI/RBO'-t-ol 

J- A ( c LT 



LAMP BCD INPUT 
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CIRCUIT TYPES SN5446A, SN5447A, SN5448, SN5449 

SN7446A, SN7447A, SN7448, SN7449 

BCD-TO-SEYEN-SEGMENT DECODER/DRIVERS 



APPLICATIONS DATA 



driving logic circuits (see Figure D) 



These decoder/drivers may be used to drive other 
logic circuits. (See Figure D.) Value of the pull-up 
resistor (required on the open-collector outputs) may 
be calculated using the methods given for the SN5401 
open-collector NAND gate. 

driving buffer transistors (see Figures E and F) 

For applications requiring increased drive currents 
these decoder/drivers may be used with discrete 
drivers. A universal method of supplying base drive 
for a buffer transistor is illustrated in Figure E. Value 
of the base resistor (required on the open-collector 
outputs) may be calculated using the methods similar 
to those given for the SN5401 open-collector NAND 
gate. Increased base drive from the SN5448 is 
possible with the employment of external base 
resistor. 

Circuitry for employing SCR's to drive 
electro-luminescent displays is illustrated in Figure F. 



,(2) 



TO REMAINING LOADS 



a b c d e f g 
RBI^^^ BI/RBO' 

A B C D 



BCD LAMP 

INPUT TESt(1) 

Available on SN5446A, SN5447A, SN5448, 
SN7446A, SN7447A, and SN7448 only. 
Pull-up resistor is required with SN5446A, 
SN5447A, SN5449, SN7446A, SN7447A or 
SN7449, and is optional with SN5448 
or SN7448. 

FIGURED 




LAMP,, . 
TEST^^^ 



1. Available on SN5448 and SN7448 only. 

2. Pull-up resistor Is required with SN5449 or 
SN7449, and Is optional with SN5448 or SN7448 

FIGURE E 



SUPPLY VOLTAGE 




ELECTRO-LUMINESCENT 
DISPLAY SEGMENT 



♦■TO SCR CATHODES 



SN5448 BI/RBO* 
OR SN5449 ,,, 

! C D LT* ' 



BCD 
INPUT 



LAMP 
TESTED 



Available on SN5448 and SN7448 only. 

Pull-up resistor is required with SN5449 or SN7449, 

and Is optional with SN5448 or SN7448. 

FIGURE F 



PRiNTEO IN U.S A 

Ti (Qnnot assume any responsibility for any circuits shown 

or represent ttial they are free from patent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



Texas Instruments 

I NCOKPOR AT ED 

POST OFFICE SOX 5012 • DALLAS. TEXAS 75222 
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LOW-POWER 
TTL MSI 



CIRCUIT TYPES SN54L46, SN54L47. SN74L46, SN74L47 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 



Direct Drive for Indicators 

Open-Collector Outputs 

Lamp-Test Provision 

Lamp Intensity Modulation Capability 

Full Decoding of All 16 Input Combinations 

Leading/Trailing Zero Suppression 

Fully Compatible with Most TTL and DTL 
Circuits 

Low Power Dissipation ... 133 mW Typical 



JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



16 15 14 13 12 11 10 9 



^2lA 



M 



IX 



B C LTRBORBi D A 



^r^nh^ 



jj]j_f]_3j|_4j|_5j ^ 



TTTTTTTt? 



LAMP RB RB 
TEST OUT- IN- 
PUT PUT 



logic: See truth table 



description 



These monolithic, TTL, BCD-to-seven-segment decoder/drivers consist of NAND gates, input buffers, and seven 
AND-OR-INVERT gates. These devices offer high-sini<-current outputs for driving indicators directly. Seven NAND 
gates and one driver are connected in pairs to make binary-coded-decimal (BCD) data and its complement available to 
the seven decoding AND-OR-INVERT gates. The remaining NAND gate and three input buffers provide lamp test 
blanking input/ripple-blanking output, and ripple-blanking inputs. 

These circuits accept four-bit BCD data and, depending on the levels at the auxiliary inputs, decode this data to drive 
seven-segment display indicators. The output states, as well as conditions required at the auxiliary inputs, are shown in 
the truth table. The output circuitry is designed to withstand the relatively high voltages required for seven-segment 
indicators. The SN54L46/SN74L46 outputs will withstand 30 volts, and the SN54L47/SN74L47 outputs will 
withstand 15 volts, with a maximum reverse current of 250 microamperes. Indicator segments requiring up to 
20 milliamperes of current may be driven directly from the outputs. Segment identification with resultant displays are 
shown in the figure on the following page. Display patterns for binary input counts above nine are unique symbols 
to authenticate input conditions. 

These devices contain an overriding blanking input (Bl) which can be used to control the lamp intensity (See Figure B 
of typical application data) or to inhibit the outputs. They also incorporate leading and/or trailing-edge zero-blanking 
control (RBI and RBO). Lamp test (LT) may be performed at any time when the BI/RBO node is at a high level. All 
inputs except the BI/RBO node are one-half of one normalized Series 54/74 load, or approximately five Series 54L/74L 
gate loads at a low logic level, two Series 54L/74L gate loads at a high logic level. The SN54L46 and SN54L47 
are characterized for operation over the full military temperature range of —55 C to 125 C; the SN74L46 and SN74L47 
are characterized for operation from C to 70 C. 
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CIRCUIT TYPES SN54L46, SN54L47. SN74L46, SN74L47 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 



TRUTH TABLE 



DECIMAL 

OR 
FUNCTION 


INPUTS 


BI/RBOt 


OUTPUTS 


NOTE 


LT 


RBI 


D C 


B 


A 


a 


b 


c 


d 


e 


f 


g 





H 


H 


L L 


L 


L 


H 


ON 


ON 


ON 


ON 


ON 


ON 


OFF 


1 


1 


H 


X 


L L 


L 


H 


H 


OFF 


ON 


ON 


OFF 


OFF 


OFF 


OFF 


1 


2 


H 


X 


L L 


H 


L 


H 


ON 


ON 


OFF 


ON 


ON 


OFF 


ON 




3 


H 


X 


L L 


H 


H 


H 


ON 


ON 


ON 


ON 


OFF 


OFF 


ON 




4 


H 


X 


L H 


L 


L 


H 


OFF 


ON 


ON 


OFF 


OFF 


ON 


ON 


5 


H 


X 


L H 


L 


H 


H 


ON 


OFF 


ON 


ON 1 OFF 


ON 


ON 




6 


H 


X 


L H 


H 


L 


H 


OFF 


OFF 


ON 


ON 1 ON 


ON 


ON 




7 


H 


X 


L H 


H 


H 


H 


ON 


ON 


ON 


OFF j OFF 


OFF 


OFF 




8 


H 


X 


H L 


L 


L 


H 


ON 


ON 


ON 


ON ' ON 


ON 


ON 


9 


H 


X 


H L 


L 


H 


H 


ON 


ON 


ON 


OFF OFF 


ON 


ON 




10 


H 


X 


H L 


H 


L 


H 


OFF 


OFF 


OFF 


ON ON 


OFF 


ON 




11 


H 


X 


H L 


H 


H 


H 


OFF 


OFF 


ON j ON i OFF 


OFF 


ON 




12 


H 


X 


H H 


L 


L 


H 


OFF 


ON 


OFF ! OFF OFF 


ON 


ON 


13 


H 


"" 


H H 


L 


H 


H 


ON 


OFF 


OFF • ON OFF 


ON 


ON 




14 


H 


X 


H H 


H 


L 


H 


OFF 


OFF 


OFF i ON ON 


ON 


ON 




15 


H 


X 


H H 


H 


H 


H 


OFF 


OFF 


OFF OFF OFF 


OFF 


OFF 




BI 


X 


X 


X X 


X 


X 


L 


OFF 


OFF 


OFF : OFF : OFF 


OFF 


OFF 


2 


RBI 


H 


L 


L L 


L 


L 


L 


OFF 


OFF 


OFF OFF OFF 


OFF 


OFF 


3 


LT 


L 


X 


X X 


X 


X 


H 


ON 


ON 


ON ' ON ON 


ON 


ON 


4 



SEGMENT 
IDENTIFICATION 



i 1' Ih 


J: 'JiJi l' 




1 lil 1 

Uj 1 


L;Ji 1- 


H i 



NUMERICAL DESIGNATIONS 
AND RESULTANT DISPLAYS 



H = high level, L - low level, X = irrelevant 

NOTES: 1. The blanking input (BI) must be open or held at a high logic level when output functions through 15 are desired. The 
ripple-blanking input (RBI) must be open or high if blanking of a decimal zero is not desired. 

2. When a low logic level is applied directly to the blanking input (BI), all segment outputs are off regardless of the state of any 
other input condition. 

3. When ripple-blanking input (RBI) and inputs A, B, C, and D are at a low level with the lamp test input high, all segment outputs 
go off and the ripple-blanking output (RBO) goes to a low level (response condition). 

4. When the blanking input/ripple blanking output (BI/RBO) is open or held high and a low is applied to the lamp-test input, all 
segment outputs are on. 

I^BI/RBO is wire-AND logic serving as blanking input (BI) and/or ripple-blanking output (RBO). 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) , 7V 

Input voltage (see Note 1) 5.5 V 

Peak output current (tw< 1 ms, duty cycle < 10%) 200 mA 

Current forced into any output in the off state 1 mA 

Operating free-air temperature range: SN54L46, SN54L47 Circuits -55''C to 125°C 

SN74L46, SN74L47 Circuits O'C to 70''C 

Storage temperature range -65''Cto 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 





SN54L46, SN54L47 


SN74L46, SN74L47 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vqq 


4.5 5 5.5 


4.75 5 5.25 


V 


Off-state output voltage, Vg (off). outputs a thru g 


SN54L46, SN74L46 


30 


30 


V 


SN54L47,SN74L47 


15 


15 


On-state output current, lo(on) 


a thru g 


20 


20 


mA 


Low-level output current, Iql 


BI/RBO 


4 


4 


Operating free-air temperature, T^ 


-55 125 


70 


C 
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CIRCUIT TYPES SN54L46. SN54L47, SN74L46, SN74L47 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS^ 


MIN MAX 


UNIT 


ViH High-level input voltage 


1 and 2 




2 


V 


V|i_ Low-level input voltage 


1 and 2 




0.8 


V 


V| Input clamp voltage 


3 


Vcc = lVllN, l| = -12mA 


-1.5 


V 


Vqh High-level output voltage 


BI/RBO 


1 


Vcc = '^IN, Ioh^-IOOmA 


2.4 


V 


Vql Low-level output voltage 


BI/RBO 


2 


Vcc = IVIIN, loL = '*mA 


0.4 


V 


'O(off) Off-state output current 


a thru g 


1 


Vcc = MAX, Vo(off) = MAX 


250 


mA 


Vo(on) On-state output voltage 


a thru g 


2 


Vcc = MIN, lo{on) = 20mA 


0.4 


V 


Input current at 
maximum Input voltage 


any input 
except BI/RBO 


4 


Vcc = MAX, V| = 5.5V 


1 


mA 


l|H High-level input current 


any input 
except BI/RBO 


4 


Vcc = MAX, V| = 2.4V 


20 


mA 


ijL Low-level input current 


any input 
except BI/RBO 


3 


Vcc = MAX, V( = 0.4V 


-0.8 


mA 


BI/RBO 


-2.1 


Iq3 Short-circuit output current 


BI/RBO 


5 


Vcc = MAX 


-4 


mA 


\qq Supply current 


SN54L46. SN54L47 


6 


Vcc = MAX 


43 


mA 


SN74L46, SN74L47 


52 



f For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type. 



switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN MAX 


UNIT 


^off 


Turn-off time from A input 


7 


Cl= 15 pF, 
RL = 280n 


200 


ns 


'^on 


Turn-on time from A input 


200 


ns 


toff 


Turn-off time from RBI input 


200 


ns 


ton 


Turn-on time from RBI input 


200 


ns 
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CIRCUIT TYPES SN54L46, SN54L47, SN74L46, SN74L47 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 



functional block diagram 



!BI/RBO 

BLANKING 

INPUT OR 

RIPPLE-BLANKING ^ 

OUTPUT 



LAMP-TEST 
INPUT O- 



RBI 

RIPPLE-BLANKING 

INPUT 



ir>a>i>-' 



iD-ai>H>-' 




371 
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CIRCUIT TYPES SN54L46. SN54L47, SN74L46, SN74L47 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 



schematic diagram 




Resistor values shown are nominal in ohms. 
^ ...Vccbus 
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CIRCUIT TYPES SN54L46, SN54L47. SN74L46, SN74L47 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 



PARAMETER MEASUREMENT INFORMATION 



d-c test circuits'^ 



vcc 



V|H O- 



V|LO- 



TEST 

PER 

TRUTH 

TABLE 




A 

B 

C 

D 

LT 

RBI 



« BI/RBO g 



T 



lO(off) 



Vo 



y 



VOH \ ▼ 'OH 

i ± 



FIGURE 1 



Vcc 



l|L 



'l^r 






TEST 

PER 

TRUTH 

TABLE 



<:rbi f 



<1BI/RB0 g 



> OPEN 



V|HO- 



V|LO- 



TEST 

PER 

TRUTH 

TABLE 



Vcc 



CRBI f 



<: BI/RBO g 



Vol :I.tlOL 
1 X 



T 



'O 



_0 Vo(on) X 

-^ if 



FIGURE 2 



Vcc 



ll.ljH 



V| 



TEST 

PER 

TRUTH 

TABLE 



n 



A a 

B b 

C c 

D d 

LT e 

RBI f 
BI/RBO g 



OPEN -h 



r 



> OPEN 



Each Inpi 


t is tested 


separately. 






Each input is testec 


separately. 








FIGURE 3 


FIGURE 4 




Vcc 


4.5 V Vcc 






o 




O 


?|icc 






A a 
B b 






A 








f \ 

4 3 b 
















D d 




>OPEN 


II ID d 




!> OPEN 




1- 


LT e 
RBI f 
BI/RBO g 






1^^ 


LT 









r lOsi 


r-O 


BI/RBO 9 


1 -^ 






r 


i 






i 








F 


CURE 5 








FIGUR 


E6 





f Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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CIRCUIT TYPES SN54L46, SN54L47, SN74L46, SN74L47 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 



PARAMETER MEASUREMENT INFORMATION 



switching characteristics 



INPUT 




8-4-2-1 
TRUTH TABLE 
GENERATOR 
(SEE NOTE A) 



4.5 VO- 



PULSE 
GENERATOR 
(SEE NOTE A) 



vcco- 



81 



IjH 



A 
B 
C 
D 
-C LT 
RBI 
BI/RBO 

T 



OUTPUT 



O 

o 
-o 



/ 



Rl 



cl 
= (see note c) 



TYPICAL INPUT 

VOLTAGE 

WAVEFORMS 

(SEE NOTE B) 



TYPICAL OUTPUT 

VOLTAGE 

WAVEFORMS 




|N 



3V 



INPUTS B, CORP 



INPUTS A, B, C, and D 



RBI INPUT 



OUTPUT a 



1.5 V ^il<l 



(SEE NOTE B) 




toff 
\ ^ 1.5 V 



1.5 V 



ton 



VOLTAGE WAVEFORMS-A INPUT TO OUTPUTS 



'-\- 



toff — !-•- 



1.5 V 



K^ 



■ton 





1.5 V 



OV 
3V 



•OV 
■ Vo(off ) 

•Vo(on) 
-Vo(off) 

-Vo(on) 

-3V 
-OV 
-3 V 



-0 V 



Vo(off) 
■VO(on) 



VOLTAGE WAVEFORMS-RBI INPUT TO OUTPUTS 

NOTES: A. The truth table generator and pulse generator have the following characteristics: t^ < 10 ns, tf < 10 ns, and PRR < 1 MHz, 

Zqu^ - 50 a. 

B. Inputs B, C, and D transitions occur simultaneously with or prior to input A transitions. RBI = 4.5 V. 

C. C|_ includes probe and jig capacitance. 

FIGURE 7-SWITCHING TIMES 
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CIRCUIT TYPES SN54L46, SN54L47, SN74L46, SN74L47 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 

TYPICAL INPUT/OUTPUt VOLTAGE WAVEFORMS 



INPUTS < 



RBI LT Bl 

/ ■- " ^ r-'^ r-^ 

C 1 I \ I I I I I ^X — X 

D 1 I I \ : |X X 

LT I 



BI/RBO 



-\ii 



SEE NOTE 1 



OUTPUTS <,'^ 
(See Note 2) 



T_rL_rLn_ 



u L_rLrL 



i_r~L 



bT 



i_ri 



r^ r~u 



ni 



in 



TLT" 



X X INPUT MAY BE HIGH OR LOW 



NOTES: 1. This low-level pulse represents the RBO response. 

2. For the outputs, a high level indicates the off state and a low level represents the on state. 



X 

FORCED 
I BLANKING INPUT 



e-LTU LTLrU U U LTLTU Lfl T 

f-u — \ n__r~i \ [ n_rn ri_ 

g — \ n \ — L n _rL_ 
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CIRCUIT TYPES SN54L46, SN54L47, SN74L46, SN74L47 
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS 



TYPICAL APPLICATION DATA 
driving indicators directly (see Figure A) 



SEVEN-SEGMENT INDICATOR 



(D (E) ® (b (i) ® © 



SN54L46/ B|/,Bo 
SN54L47 



STORAGE ELEMENT 

SN5475 



DECADE COUNTER 

SN54L90 



This application demonstrates how the SN54L46 or 
SN54L47 may be used to drive seven-segment 
indicators directly. The output transistors of these 
two circuit types will sink up to 20 milliamperes of 
current; therefore, external components are not 
required. 

Also illustrated is how the quadruple latch (SN5475) 
and decade counter (SN54L90) may be utilized to 
acquire and store the numeral to be displayed. The 
method shown is typical of a single stage and a 
number of methods are possible for distributing the 
BCD data from the decade counter to the quadruple 
latch. 

n-digit display with leading and trailing-edge 
blanking (see Figure B) 

This application demonstrates a method for driving 
seven-segment incandescent display indicators 
directly from the output of the SN54L46, or 
SN54L47 decoder with provisions for leading-edge 
and trailing-edge zero-blanking, intensity control, and 
lamp test. 

Leading-edge and trailing-edge zero blanking is illustrated for a six-digit mixed integer with zero indications suppressed 
for the two most-significant decades (MSD) of the whole number and the two least-significant decades (LSD). This 
scheme causes the number to be displayed in its easily identified, common form. Blanking is accomplished by 
grounding RBI inputs of most-significant and least-significant decades and interconnecting the BI/BRO nodes of these 
two decades to the ripple-blanking inputs of the adjacent decades. This improves readability by inhibiting suppression 
of zeros occurring on either side of the decimal point. The ripple-blanking inputs of the decades on either side of the 
fixed decimal point are inhibited by connecting to a 5-volt d-c source. 

I Intensity control is accomplished at all six of the decoder/drivers by modulating the blanking input with a 

I multivibrator. Best results are obtained with a modulation source in which the duty cycle can be varied. Individual 

drivers are required as they are wire-OR connected with the ripple blanking functions. 

As the lamp-test input is only one load, any number of these (up to 20) may be driven from a single Series 54/74 circuit. 



DATA 
PULSES 



FIGURE A 



TO 

DISPLAY 

INDICATORS 



DECIMAL 

POINT 

INDICATOR 



LEAST-SIGNIFICANT- 
DECADE INDICATOR 



abcdefg abcdef 

I — <JRBI BI/RBO|o-T-o|RBI BI/RBOfJ— i 

A B C D 



LAMP BCD INPUT 



T0 5V 



MODULATOR 



a b c d e f 
RBI BI/RBO 

A B C D 



SN5405 OR SN7405 



abcdefg 
BI/RBO RBI 

A B C D 



T0 5V 



abcdef 
BI/RBO RBI|>t-° 

A BCD 




V-J 



FIGURE B 
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CIRCUIT TYPES SN54L46, SN54147. SN74L46, SN74L47 
BCD-TO-SEVEN-SEGIVI; "^JT DECODER/DRIVERS 



TYPICAL APPLICATION DATA 



driving logic circuits (see Figure C] 



These decoder/drivers may be used to drive other logic circuits. (See Figure C.) Value of the pull-up resistor (required 
on the open-collector outputs) may be calculated using the methods given for the SN54L01 open-collector NAND gate. 



0) 



TO REMAINING LOADS 
, A , 



a b c d e f 
RBI BI/RB 

A B C D 



V. 



-/ 



BCD LAMP 

INPUT TEST 



Pull-up resistor is required with open-collector outputs. 
FIGURE C 



,-| PRINTED IN USA 

11 cannol assume any responsibility for any circuits shown 
or represent thai they are free from patent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TTL-COMPATIBLE 
MSI 



CIRCUIT TYPE SN74141 
BCD-TO-DECIMAL DECODER/DRIVER 



logic 



• Drives gas-filled cold-cathode indicator tubes directly 

• Fully decoded inputs ensure ail outputs are off for invalid codes 

• Input clamping diodes minimize transmission-line effects 

• Power dissipation typically 55 mW 



TRUTH TABLE 



J OR N DUAL-rN-LINE 
OR W FLAT PACKAGE (TOP VIEW)+ 



INPUT 


OUTPUT 
ONt 


D 


c 


B A 


L 


L 


L 


L 





L 


L 


L 


H 


1 


L 


L 


H 


L 


2 


L 


L 


H 


H 


3 


L 


H 


L 


L 


4 


L 


H 


L 


H 


5 


L 


H 


H 


L 


6 


L 


H 


H 


H 


7 


H 


L 


L 


L 


8 


H 


L 


L 


H 


9 


H 


L 


H 


L 


NONE 


H 


L 


H 


H 


NONE 


H 


H 


L 


L 


NONE 


H 


H 


L 


H 


NONE 


H 


H 


H 


L 


NONE 


H 


H 


H 


H 


NONE 



H = high level, L = low level 
^All other outputs are off 







16 _ 


1 
15 . 


5 

. 14 . 


4 

.13 . 


GND 

. 12 . 


6 
. 11 


7 

. 10 


3 

. 9 






1 1 L_ 
' ^ 1 1 




r" 










=ni u 


i i 1 J> JT" 






980 1546732 

BCD TO-DECIMAL 
DECODER/DRIVER 

AD B C 




s 


II II 






1 


" 


i 


I 


" 3 ■ 




\ 




i 


" 


6 


7 


" 8 





positive logic: see truth table 



'fpin assignments for these circuits are the same 
for all packages. 



description 



The SN74141 is a second-generation BCD-to-decimal decoder designed specifically to drive cold-cathode indicator 
tubes. This decoder demonstrates an improved capability to minimize switching transients in order to maintain a stable 
display. 

Full decoding is provided for all possible input states. For binary inputs 10 through 15, all the outputs are off. 
Therefore the SN74141, combined with a minimum of external circuitry, can use these invalid codes in blanking 
leading- and/or trailing-edge zeros in a display as shown in the typical application data. The ten high-performance, n-p-n 
output transistors have a maximum reverse current of 50 microamperes at 55 volts. 

Low-forward-impedance diodes are also provided for each input to clamp negative-voltage transitions in order to 
minimize transmission-line effects. Power dissipation is typically 55 milliwatts, which is about one-half the power 
requirement of earlier designs. The SN74141 is characterized for operation over the temperature range of 0°C to 70°C. 
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CIRCUIT TYPE SN74141 
BCD-TO-DECIMAL DECODER/DRIVER 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vcc 7 V 

Input voltage (see Note 1) 5.5 V 

Current into any output (off-state) 2 mA 

Operating free-air temperature range 0°C to 70°C 

Storage temperature range — 65°Cto150°C 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage Vcc (see Note 1 ) 4.75 5 5.25 V 

Output voltage (see Notes 1 and 2) 65 V 

Operating free-air temperature range 25 70 °C 

NOTES: 1. Voltage values are with respect to network ground terminal. 

2. This is the maximum voltage which should be applied to any output when it is in the off state. 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS^ 


MIN TYPt MAX 


UNIT 


V|H High-level input voltage 


1 and 2 




2 


V 


V|L Low-level input voltage 


1 and 2 




0.8 


V 


Vo(oh) On-state output voltage 


1 


Vcc = MIN, lo = 7mA 


2.5 


V 


Off-state output voltage 
'° for input counts thru 9 


2 


Vcc = MAX, Iq = 0.5 mA 


60 


V 


'O(off) Off-state reverse current 


2 


Vcc = MAX, Vo = 55V 


50 


mA 


Off-state reverse current 
-° for input counts 10 thru 15 


2 


Vcc = MAX, Vo = 30V 


5 


HA 


l|l-l High-levelinput current at A 


3 


Vcc = MAX, V| = 2.4 V 


40 


mA 


Vcc = MAX, V| = 5.5 V 


1 


mA 


l|H High-level input current at B, C, or D 


3 


Vcc = MAX, V|=2.4V 


80 


mA 


Vcc = MAX, V| = 5.5 V 


1 


mA 


l|i_ Low-level input current into A 


4 


Vcc = MAX, V| = 0.4 V 


-1.6 


mA 


IlL Low-level input current into B, C, or D 


-3.2 


mA 


\qq Supply current 


3 


Vcc = MAX 


16 25 


mA 



^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tThis typical value is at Vqc = 5 V, T/^ = 25° C. 
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CIRCUIT TYPE SN74141 
BCD-TO-DECIMAL DECODER/DRIVER 



functional block diagram 



B o » 



C o <i 



D O- 



o--^ — o 



fO 



rM> 



^=^> 
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A^ 
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-O 2 



^ 



V 
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^ 
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CIRCUIT TYPE SN74141 
BCD-TO-DECIMAL DECODER/DRIVER 



PARAMETER MEASUREMENT INFORMATION 



d-c test circuits^ 




Each output is tested separately. 



FIGURE 1-V,„,V,,,V, 



IH' 'IL' 0(on) 



A. Each output is tested separately. 

^- Vo(off) '= tested at Iq = 0.5 mA and lo(off) '^ 

tested at Vq = 55 V for all input counts. 

'o(off) is tested also at Vq = 30 V for input 

counts 10 through 15. 



FIGURE 2-V,u,V,,, I 



IH' "iL-'OMf)' "O(off) 



.^r 





\w 






A 2 
B ^ 

c 5 
e 

D 7 
8 
9 


^ 




, — — 1 






SEE 
NOTES 












































" 




1 





A. When testing I'm, each input is tested separately with 
all other inputs grounded. 

B. When testing IcC' ^" 'nputs are grounded. 



Each input is tested separately, with all other inputs at 4.5 V. 



FIGURE 3-1 



IH' "CC 



FIGURE 4-1 



IL 



§ Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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CIRCUIT TYPE SN74141 
BCD-TO-DECIMAL DECODER/DRIVER 



TYPICAL APPLICATION DATA 

general 

When these decoder/drivers are used in close proximity (on 
the same circuit board) with standard digital integrated 
circuits, care should be exercised to ensure that the 
impedance of the ground bus (including interconnections) 
is sufficiently low to absorb the normal energy levels 
resulting from switching the tube elements. 
driving indicator tubes 

As shown in figure A, the SN74141 requires no external 

components for driving cold-cathode indicator tubes. The 

versatility here is limited only by the system capability to "Z^^CZj 

control the data inputs. FIGURE A 

A suggested method for blanking extraneous zeros is shown in figure B. Any input count above decimal 9 may be used 

for blanking. In the following application decimal 12 is used. When the most-significant bit (MSB) or the 

least-significant bit (LSB) is decimal 0(0000), that indicator is blanked while decimal 12 (binary 1 100) is applied to the 

SN74141 inputs causing all the outputs to be off. If the MSB or LSB is decimal and being blanked, this signal is gated 

with and blanks the next smaller digit. This scheme is easily expandable to n-digits. 




SERIAL COUNT FROM 
LESS SIGNIFICANT BIT 




FIGURE B 

NOTES: A. Values for B+ and Rl are as specified by the tube manufacturer. 

B. Blanking is assured only if the anode of the indicator tube is clamped at 150 volts maximur 
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TTL CIRCUIT TYPES SN5475, SN5477, SN54100, SN7475, SN7477, SN74100 

MSI 8-BIT AND 4-BIT BISTABLE LATCHES 



logic 



TRUTH TABLE 
(Each Latch) 


tn 


tn+1 


D 


Q 


1 


1 









S: 1. tp = bit time before clock 
negative-going transition. 
2. tp^-] = bit time after clock 
negative-going transition. 
NC— No internal connection 



description 



These latches are ideally suited for 
use as temporary storage for binary 
i nformation between processing 
units and input/output or indicator 
units. Information present at a data 
(D) input is transferred to the Q 
output when the clock is high, and 
the Q output will follow the data 
input as long as the clock remains 
high. When the clock goes low, the 
information (that was present at 
the data input at the time the 
transition occurred) is retained at 
the Q output until the clock is 
permitted to go high. 



SN5477/SN7477 

W FLAT PACKAGE 

(TOP VIEW) 



SN5475/SN7475 

J OR N DUAL-IN-LlKlE 

OR W FLAT PACKAGE (TOP VIEW) + 



IQ 2Q ^'^^'^GND NC 3Q 4Q 



® ® ® ® ® © ® 




® ® ® © ® ® © 

ID 2D CLOCK v^^ 3D 4D NC 



3-4 



CC 



CLOCK 
IQ 2Q 20 1-2 GND 3S 3Q 4Q 



jjsiRHSM]^^ 




LiiiiJijiHijiUMrLLr 



iS ID 20 CLOCK 



positive logic: see truth table 



SN54100/SN74100 
J OR N DUAL-IN-LINE OR W FLAT PACKAGE (TOP VIEW)t 



CLOCK 



^CC 1 1D3 1D4 1Q4 1Q3 2Q3 2Q4 204 203 NC NC 



i— Ida qaP 



D4 Q4 
T-^C]pck_ 
D3 Q3 
Clock 
b^Ql 
' -^Clock 
D2 Q2 
Clock 



P 



Q4 D4 

Clockj 
Q3D3 

aockj 
Ql Dl 
_aockf» — ' 
Q2 02 

Clock k. 



NC IDl 1D2 1Q2 IQl NC GND 201 2Q2 202 201 CLOCK 



positive logic: see truth table 



^^Pin assigments for these circuits are the same for all packages 



The SN5475/SN7475 features complementary Q and Q outputs from a 4-bit latch, and is available in the 16-pin 
packages. For higher component density applications the SN5477/SN7477 4-bit latch is available in the 14-pin flat 
package. The SN54100/SN74100 features two independent quadruple latches in a single 24-pin dual-in-line package. 

These circuits are completely compatible with all popular TTL or DTL families. Typical power dissipation is 40 
milliwatts per latch. The Series 54 circuits are characterized for operation over the full military temperature range of 
— 55°C to 125°C and Series 74 circuits are characterized for operation from 0°C to 70° C. 

absolute maximum ratings (over operating temperature range unless otherwise noted) 

Supply Voltage, Vqc (See Note 3) 7 V 

Input Voltage, Vjn (See Notes 3 and 4) 5.5 V 

Operating Free-Air Temperature Range: SN5475 Circuits ■ — 55Cto125C 

SN7475 Circuits 0°C to 70°C 

Storage Temperature Range —65 C to 150 C 

NOTES: 3. These voltage values are with respect to network ground terminal. 

4. Input signals must be zero or positive with respect to network ground terminal. 
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CIRCUIT TYPES SN5475, SN5477, SN54100, SN7475, SN7477, SN74100 
8-BIT AND 4-BIT BISTABLE LATCHES 



recommended operating conditions 

Supply Voltage Vcc (See Note 3): SN5475, SN5477, SN54100 

SN7475, SN7477, SN74100 
Normalized Fan-Out From Outputs 



MIN 


NOM 


MAX 


UNIT 


4.5 


5 


5.5 


V 


4.75 


5 


5.25 


V 


10 





NOTE: 3. These voltages are with respect to network ground terminal. 



electrical characteristics over recommended operating temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIOIMSt 


MIN TYPt MAX 


UNIT 


Input voltage required to ensure 
^ln(l) logical 1 level at any input 
terminal 


1 




2 


V 


Input voltage required to ensure 
^in(O) logical level at any Input 
terminal 


2 




0.8 


V 


Vout(l) Logical 1 output voltage 


1 

and 
2 


Vcc = MIN, l,oad = -400MA 


2.4 


V 


^out(O) Logical output voltage 


1 

and 
2 


Vcc = MIN. 'sink = 16 mA 


0.4 


V 


'in(O) Logical level input current at D 


3 


Vcc = MAX, Vin = 0.4V 


-3.2 


mA 


Logical level Input current at 
'-<0' Clock 


3 


Vcc = MAX, 


SN5475, SN5477, 
SN7475, SN7477 


-6.4 


mA 


SN54100,SN74100 


-12.8 


mA 


Ijn(i) Logical 1 level input current at D 


3 


Vcc = MAX, Vin = 2.4V 


80 


HA 


Vcc = MAX, Vjn = 5.5V 


1 


mA 


Logical 1 level input 
'"*^' current at clock 


3 


Vcc = MAX, 
Vin = 2.4 V, 


SN5475, SN5477, 
SN7475,SN7477 


160 


kA 


SN54100,SN74100 


320 


ma 


Vcc = MAX, Vjn = 5.5V 


1 


mA 


iQg Short-circuit output current § 


4 


VcC = MAX, 
Vout = 


SN5475.SN5477, 
SN54100 


-20 -57 


mA 


SN7475,SN7477, 
SN74100 


-18 -57 


mA 


'CC Supply current 


5 


Vcc = MAX, 


SN5475,SN5477 


32 46 


mA 


SN54100 


64 92 


mA 


SN7475, SN7477 


32 53 


mA 


SN74100 


64 106 


mA 



^ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the 
applicable device type. 

t All typical values are at Vqc = 5 V, T^ = 25°C. 

§ Not more than one output should be shorted at a time. 
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CIRCUIT TYPES SN5475, SN5477, SN54100, SN7475, SN7477, SN74100 

8-BIT AND 4.BIT BISTABLE LATCHES 



switching characteristics, ^qq = 5 V, T^ = 25° C, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Minimum iogicat 1 level input 
^^"P'^ setup time at D input 


6 


Cl= 15 pF, RL = 400n 


7 20 


ns 


Minimum logical level input 
^^""^ setup time at D input 


6 


Cl = 15pF, RL = 400n 


14 20 


ns 


Maximum logical 1 level input 
hold time required at D input 


6 


CL = 15pF, RL = 400n 


15ll 


ns 


Maximum logical level input 
^°^^^ hold time required at D input 


6 


Cl = 15pF, RL = 400n 


6ll 


ns 


Propagation delay time to logical 1 
level from D input to Q output 


6 


Cl= 15 pF, RL = 400n 


16 30 


ns 


Propagation delay time to logical 
tpdO(D-Q) ,g^g, ^^o^ p .^p^^ ^^ Q output 


6 


Cl= 15 pF, RL = 400n 


14 25 


ns 


Propagation delay time to logical 1 
tpdl(D-O) level from D input to Q output 
(SN5475, SN7475) 


6 


Cl = 15pF, RL = 400n 


24 40 


ns 


Propagation delay time to logical 
tpdO(D-Q) 'svel from D Input to Q output 
(SN5475, SN7475, 


6 


Cl= 15 pF, RL = 400n 


7 15 


ns 


Propagation delay time to logical 1 
P*^ ' ' ' level from dock Input to Q output 


6 


Cl = 15pF, RL = 400n 


16 30 


ns 


Propagation delay time to logical 
pdO(C-Q) |g^g| ^^^^ ^ijj^i^ jj^p^j^ ^Q Q output 


6 


Cl=.15pF, RL = 400n 


7 15 


ns 


Propagation delay time to logical 1 
tpdl (C-Q) 'evel from dock input to 5 output 
(SN5475, SN7475) 


6 


Cl= 15 pF, RL = 400n 


16 30 


ns 


Propagation delay time to logical 
*pdO(C-Q) '^^' frorn clock input to Q output 
(SN5475, SN7475) 


6 


Cl= 15 pF, RL = 400n 


7 15 


ns 



I These typical times indicate that period occurring prior to the fall of clock pulse (t ) below 1.5 V when data at the D input 
will still be recognized and stored. 
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CIRCUIT TYPES SN5475, SN5477, SN54100, SN7475, SN7477, SN74100 
8-BIT AND 4-BIT BISTABLE LATCHES 



functional block diagram (each latch) 




6 6 

CLOCK DATA 



(SN5475/SN7475) 



schematic (each latch) 




kn 



4 kO 5 130 n 



t^<y) 



1 kn 



• To Other Latch 
CLOCK DATA 




{SN5475/SN7475) 



O GND 



Component values shown are nominal. 
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CIRCUIT TYPES SN5475, SN5477, SN54100, SN7475, SN7477, SN74100 

8-BIT AND 4-BIT BISTABLE LATCHES 



PARAMETER MEASUREMENT INFORMATION 



•d-c test circuits t 



cc 





O 


1, J 


V ft 


D Q . 
Clock S- 


lood 


in(l) ° 


^OMt(l) ^ink 


♦ 




V ,.,/T\ /" 


k 






ill 1 



1. Each latch is tested separately. 
FIGURE 1 



CC 



in(1). 



V. O 
in ^ 

I 



in(0) H 



See 

Note 



D Q 

Clock 5' 



X 



.OPEN 



1. Each Input Is tested separately. 

2. When testing Ij^d) at D ground clock. 

3. When testing Ijnd) at clock ground all D inputs. 

FIGURES 



'CC 



V:.,m O- 



in(0) 

2 V o dciock 5 



D Q 



T 



sink 



out(0) 
'load 



n^ 



ood— «y 



Jo^rW (b 



1. Each latch is tested separately. 
FIGURE 2 



cc 



4.5 V 



See 

Note 1 



D Q 



Clock 5 



T 



See 
Note 2 



OS 



-q^ 



1. Input conditions are in accordance with truth 
table. 

2. Each latch and each output is tested separately. 



FIGURE 4 



CC 



li 



CC 



D Q 



i> Clock Q 



T 



• OPEN 



1. All latches are tested simultaneously. 



FIGURES 



t Arrows indicate actual direction of current flow. Complementary Q outputs are available on the SN5475/SN7475. 
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CIRCUIT TYPES SN5475, SN5477, Sfmm, SN7475, SN7477, SN74100 
8.BIT AND 4.BIT BISTABLE LATCHES 

PARAMETER MEASUREMENT INFORMATION 



switching characteristics^' 



INPUTS 



Outputs 



D CLOCK Vcc Q Q 

9 9 o 9 9 

«» 



PULSE 

GENERATOR A 

(See Notel) 



T 



PULSE 

GENERATOR B 

(See Note 1) 



1 



CLOCK Q 



400 n 



•R, R 



L "l; 



■40on 



^~^ 

'T 



-w — w w 



♦ — M W— W- 



TEST CIRCUIT 



D INPUT 



CLOCK I h 

INPUT 

SEE 
NOTE 5 



OUTPUT O 



OUTPUTS 




outd) 



out(O) 
outd) 



^pdO(C-Q) °"*'°> 

VOLTAGE WAVEFORMS 

NOTES: 1. The pulse generators have the following characteristics: Vggp = 3 V, t-] = tg ^ 10 ns, and Zout '^ ^^ ^- '^°'' P^l^e 
generator A tpi = 1 ps and PRR = 500 kHz. For pulse generator B, tp2 = 500 ns and PRR = 1 MHz. Positions of 
D-input and clock-input pulses are varied with respect to each other to verify setup and hold times. 

2. Each latch is tested separately. 

3. Cl includes probe and jig capacitance. 

4. All diodes are 1 N3064. 

5. When measuring tpdi(D-Q) and tpdO(D-Q) <0'' VdO(D-Q) andtpdi(D-Q) for the SN5475/SN7475), clock input must be held 
at logical 1. 

FIGURE 6 - SWITCHING TIMES 



^Complementary Q outputs are on the SN5475/SN7475 only. 
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CIRCUIT TYPES SN5475, SN5477, SN54100, SN7475, SN7477, SN74100 

8-BIT AND 4-BIT BISTABLE LATCHES 



TYPICAL APPLICATION 

temporary storage of binary data 

This application demonstrates the use of the SN7475 bistable latch as a temporary storage of binary-coded decimal 
data, from the SN7490 decade counter, which is to be decoded by the SN7441 decoder/driver. Temporary storage is 
desirable at this point for two reasons: 

a. At counting frequencies above several cycles per second, it is sometimes desirable to eliminate the flicker on 
the display tube caused by reading an input count which is too fast to be recognized. 

b. During the time that the latch is storing information the decade counter may start acquiring data for the 
next display. 

A typical sequence of operation is illustrated (see Figure 7): 

1. During ti, reset decade counter to 0. At end of ti, indicator will display "0". 

2. During t2, count BCD 3 at output of SN7490. Indicator still displays "0". 

3. At start of t3, indicator will display "3". At end of 13, BCD 3 is committed to memory by SN7475 and the 
SN7490 may begin counting again. 

4. During t4, reset decade counter to and count BCD 5 at output of SN7490. Indicator still displays "3". 

5. At start of 15, indicator will display "5". At end of 15, BCD 5 is committed to memory by SN7475 and the 
SN7490 is released. 



BISTABLE LATCH 

SN7475 

I 1 



DECADE COUNTER 
SN7490 



CLOCK INPUT 
RESET 




fOH 



INDICATOR STROBE O- 



DECODER/DRIVER 
SN7441 



rtjClock 5 



♦-•OClock S 



-Jl 



I 



'ind) 
'in{0) 



CLOCK -« — », —m4 
INPUT 



INDICATOR 
STROBE 



RESET TOO I n n n j ^ I uESEiToon n n n n.. 

n 



INPUTS<^ 
TO ^ 
SN7M1 
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CIRCUIT TYPES SN5475, SN5477/SN54100, SN7475, SN7477, SN74100 
8-BIT AND 4-BIT BISTABLE LATCHES 

TYPICAL APPLICATION 



dual D-type master-slave flip-flop 

This application demonstrates the use of the SN7475 
as a dual D-type master-slave flip-flop, provided that 
two-phase clocking is permissible. Each of the D-type 
flip-flops are formed by merely interconnecting the Q 
output of one of the latches (which serves as the 
master) to the data input of another latch (which 
serves as the slave). Each of these interconnected 
latches must have a separate clock line; therefore if a 
dual D-type master-slave flip-flop is constructed from 
a single package (see Figure 8) they must be operated 
synchronously. 

A typical transfer of data is illustrated. Note that 
after the start of ti the data input is released to 
acquire new information as the master section has 
"locked up" the original data after clock pulse Ai. At 
the start of t2 the data "locked up" in the master is 
transferred to the output, and at the end of t2 (and 
for the duration of ts) the slave retains the original 
data. 

This type of flip-flop is desirable in applications 
where speed is not a primary requirement and where 
the additional clock skew, resulting from this delay 
between the two clock pulses, affords greater system 
reliability. 



(p^cc 



FF-1 DATA 

CLOCK 1-2 
(PHASE A) 



(3 



CLOCK 3-4 
(PHASE B) 



FF-2 DATA Q} 



SN7475 ~I 

TlIp-TlopI""! 



t 



LATCH 1 
D Q 

lock 5 



I I Latch 3 

l-D Q 



LATCH 2 
D Q 

Clock 5 



LATCH 4 
D Q 

<3 Clock S 



L_. 



FLIP -FLOP 2 



a^ 



/r)NOT 
^^USED 

<g) QOUT 

<n) u OUT 






USED 



<9)q OUT 

<Dgout 



(§> 



GND 











~* 


'2 




- '3 - 








DATA INPUT 
































PHASE A 


\ 




\ 






CLOCK 3-4 


















PHASE B 








'^ 






«2 





V. 



Q output 



in(l) 

'in(O) 
'in(l) 
^in(O) 
n(l) 
''in(O) 
^cvt(l) 

''out(0) 



FIGURES 
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TTL 
MSI 



CIRCUIT TYPES SN5481, SN5484, SN7481, SN7484 
16.BIT ACTIVE-ELEMENT MEMORIES 



SN5481/SN7481 CIRCUITS SN5481/SN7481 CIRCUITS 

W FLAT PACKAGE (TOP VIEW) J OR N DUAL-IN-LINE PACKAGE (TOP VIEW) 



TE SENSE SENSE 



A^ ...y... ^^.w.. ^.^i. ^^j^ V»nMC Y4 

® ® ® ® ® ® ® 

I— Jx>1 =' % Wn„U 



rtSs^^i 



©00©©©© 



tlTE SENSE SENSE 



SSI3JIIIMIIIIL 



1 1I 2 p 3 n 4 n 5 n 6 n 7 

X3 Xj 



positive logic: see logic diagram 



SN5484/SN7484 CIRCUITS 

JOR N DUAL-IN-LINE 

OR W FLAT PACKAGE (TOP VIEW) + 



SENSE SENSE 



U O^U ti A 4 



description 

The 16-bit active-element memory 
is a monolithic, high-speed, 
transistor- transistor-logic (TTL) 
array of 16 flip-flops, and two write 
amplifiers interconnected to form a 
"scratch-pad" memory with 
direct-address and non-destructive 
read-out. 

The flop-flops are arranged in a 
4-by-4 matrix with each flip-flop 
representing one bit of 16 words. 
Four X-address lines and four 
Y-address lines permit the address 
of one bit at a time. Each flip-flop, 
composed of two cross-coupled 
3-emitter transistors, is used to 
store one bit. To determine if a 
logical 1 or has been stored, it is 
necessary to know which one of the 
two flip-flop transistors is 
conducting. One emitter of each of 
these transistors serves as the 
sensing output. All 16 of the logical 
1 sensing outputs are connected to 
the sense logic 1 (S^) amplifier 
input and all 16 of the logicalO 
sensing outputs are connected to 
the sense logical (Sq) amplifier 
input. The two remaining emitters 
on each transistor are used to 
complete the matrix connections 
necessary for the X- and Y-address 
lines. Address line inputs are 
normally held low (logical 0) and 
currents from all conducting 
flip-flop transistors flow out these 
address lines. 

To address a flip-flop both the X- and Y-address lines associated with that flip-flop are taken to a logical 1 voltage. 
Due to the matrix nature of the circuit, at least one address line of all flip-flops except the one being addressed will con- 
tinue to remain at a logical level and no change will occur on those flip-flops. But, in the addressed flip-flop, the cur- 
rent in the conducting transistor diverts from the address lines to the appropriate sense line and then to one of the sense 
amplifiers. Thus, either the sense amplifier associated with a logical 1 or the sense amplifier associated with a logical 
is activated. When this- occurs, the output of the activated sense amplifier drops from a logical 1 to a logical level. 
The memory is non-destructive as the states of the flip-flops are not disturbed during sensing. The memory is volatile 
and information will be lost if the supply voltage is removed. 



niJiiiMiJwiijiiiur 



positive logic: see logic diagram 



TPin assignments for these circuits are the same for all packages. 
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CIRCUIT TYPES SN5481, SN5484, SN7481, SN7484 
16.BIT ACTIVE-ELEMENT MEMORIES 



description (continued) 

To store new information in a flip-flop, it is necessary to address it and apply logical 1 voltage to the appropriate write 
amplifier input. (The SN5484/SN7484 circuit has gated write-amplifier inputs). The output of the write amplifier 
responds by dropping to a logical level. Since all logical sense lines are connected to the output of the logical 
write amplifier and ail logical 1 sense lines are connected to the output of the logical 1 write amplifier, a logical 
voltage on the output of a write amplifier will apply the same voltage to emitters of all flip-flop transistors connected to 
that amplifier. In ail flip-flops except the one being addressed, this low voltage has no effect since at least one other 
emitter on each of the flip-flop transistors is held low by the address lines. But two possibilities exist with the flip-flop 
that is addressed. The flip-flop may already be in the desired state, in which case no change occurs. But if the flip-flop 
must be changed from one state to the other, the low voltage applied to the emitter of the transistor which is not con- 
ducting turns that transistor on causing the other transistor to turn off. 

Since the connection between the output of the write amplifier and the sense line is common to the input of the sense 
amplifier, the memory cannot be used to provide information on the state of a bit while the write amplifiers are 
activated. 

A number of active element memories may be paralleled to form the desired matrix size (number of words) and to form 
the desired word length (number of bits). Standard TTL circuitry, employed for the address line inputs, write 
amplifier inputs, and the saturating output transistors, provides complete TTL and DTL compatibility and maintains 
typical noise margins of one volt. Average power dissipation is 275 milliwatts (typical), and the open-collector out- 
puts may be wire-OR connected to similar outputs. Internal circuitry of the write and sense amplifiers are operated 
within their linear range to improve speed. Sensing propagation delay times are typically 20 nanoseconds when 
operated at full fan-out and 30 picofarads of circuit capacitance. 



logic diagram 



WRITE WRITE 

1 



A B* A B* 






SENSE SENSE 





•Gated inputs (as shown) are available on SN5484/SN7484 only. 
The SN5481/SN7481 has one W„ and one W input. 
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schematic cJiagram 



SENSE-O LINE 



TO OUTPUT OF 
15 FLIP-FLOPS ,, 




TO WRITE 1 
AND SENSE 1 
AMPLIFIERS 



TO REMAINING 
FLIP-FLOPS 



WRITE INPUTS 

W, 



*Wo WRITE AMPLIFIER 
(W| AMPLIFIER IS SAME) 



So SENSE AMPLIFIER 
CS, AMPLIFIER IS SAME) 



MEMORY FLIP-FLOP 
(ONE OF 16 SHOWN) 



* Gated inputs (as shown) are available on SN5484/SN7484 only. The SN5481/SN7481 has one Wq and one W- input. 



absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply Voltage Vcc (See Note 1) 7V 

Input Voltage Vjn (See Notes 1 and 2) . . . . . . . . . . 5.5 V 

Operating Free-Air Temperature Range: SN5481, SN5484 Circuits -55°Cto125°C 

SN7481, SN7484 Circuits ■ ■ ■ ■ ■ ■ 0°C to 70°C 

Storage Temperature Range — 65°C to 150°C 



recommended operating conditions 

Supply Voltage Vcc (See Note 1): SN5481,SN5484 Circuits 

SN7481,SN7484 Circuits 

Widthof Write Pulse, tp (write) (See Figure 11) 

Address Lines Input Setup Time, tgetup (See Figure 11). . 



MIN 


NOM MAX 


UNIT 


4.5 


5. 5.5 


V 


4.75 


5 5.25 


V 




25 


ns 





ns 



NOTES: 1. These voltage values are with respect to ground terminal. 

2. Input signals must be zero or positive with respect to network ground terminal. 
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electrical characteristics over recommended operating temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS^ 


MIN TYPf MAX 


UNIT 


Vjnd ) AW Input voltage required 
or at X or Y address lines 
Vind )AS ^° ensure writing or sensing 


1 


VcG=MIN, Vout(0)<0.4V, 
Isink = 20 mA 


SN5481, 
SN5484 


2.1 


V 


Vcc = MIN, Vout(0)^0-4V, 
•sink = 40 mA 


SN7481, 
SN7484 


2.1 


V 


Input voltage required 
VindJW atWQOrWi inputs to 
ensure writing 


1 


Vcc=MIN, Vout(0)<0.4V, 
Isink = 20 mA 


SN5481, 
SN5484 


2 


V 


Vcc=MIN. Vout(0)=^0.4V, 
•sink = 40 mA 


SN7481, 
SN7484 


2 


V 


Input voltage required 
Vjn(o)AW at X or Y address lines to 
prevent writing 


2 


Vcc = MIN, Vout(0)<0.4V, 
Isink = 20 mA 


SN5481, 
SN5484 


0.8 


V 


Vcc = MIN, Vout(0)^0.4V, 
Isink = 40 mA 


SN7481, 
SN7484 


0.8 


V 


Input voltage required at 
VinWJAS" X or Y address lines to 
prevent sensing 


3 


Vcc = M'N, loutd) = 250 mA Vout = 5.5V 


1 


V 


Input voltage required at 
Vin(0)W Wo or Wi to prevent 
writing 


1 


Vcc = MIN, Vout{0)<0-4V, 
'sink = 20 mA 


SN5481, 
SN5484 


1 


V 


Vcc=MIN, Vout(0)^0-4V, 
Isink = 40 mA 


SN7481, 
SN7484 


1 


V 


Voutd) 'Logical 1 output voltage 


3 


Vcc=MIN, lout(1)=250M 


5.5 


V 


Logical output voltage 


1 

and 

2 


Vcc = MlN, Isink = 20 mA 


SN5481, 
SN5484 


0.4 


V 


Vcc = MIN, Isink = 40 mA 


SN7481, 
SN7484 


0.4 


V 


Logical level input 
'in(O) current at wnrite 1 and 
write p (each input) 


4 


Vcc = MAX, Vin = 0.4 V 


-1.6 


mA 


Logical level input 
lin(O) current at all X or all 
Y address lines 


5 


Vcc = MAX, Vin = 0.4 V 


-11 


mA 


Logical 1 level input 
Ijnd) current at write 1 

and write (each input) 


6 


Vcc = MAX, Vin = 2.4 V 


40 


AtA 


Vcc = MAX, Vin = 5.5 V 


1 


mA 


Logical 1 level input 
•ind) current at each X and 
each Y address line 


6 


Vcc = MAX, Vin = 4.5 V 


400 


mA 


Vcc = MAX, Vin = 5.5 V 


3 


mA 


Ice Supply current 


6 


Vcc = MAX 


SN5481, 
SN5484 


55 78 


mA 


SN7481, 
SN7484 


55 91 


mA 



'I'For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable. 

device type, 
f All typical values are at Vcc = 5 V, T/^ = 25°C. 
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switching characteristics \/qq = 5 V, T^ = 25° C 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tyvR Write recovery time 


7 


Cl = 15 pF, Xi - Yi location addressed 


30 60 


ns 


Propagation delay time to 
logical level from 
P^'^ address-line inouts to 
So or Si outputs 


7 


Cl = 15 pF, Xi - Yi location addressed 


22 45 


ns 


Cl = 200 pF, Xi - Yi location addressed 


27 55 


ns 


Propagation delay time to 
^ logical 1 level from 
"^ address-line inputs to 
So or Si outputs 


7 


Cl = 15 pF, Xi - Yi location addressed 


15 25 


ns 


Cl = 200 pF, Xi - Yi location addressed 


20 35 


ns 


Propagation delay time to 
tnHO logical level from 
'^ address-line inputs to 

So or Si outputs 


7 


Cl = 15 pF, Xi through X4 and 
Yi locations addressed 


20 30 


ns 



d-c test circuits'!" 



PARAMETER MEASUREMENT INFORMATION 



PULSE A 




■!5i n 



^— SENSE TIME 



^_v. 



PULSE 



iin 



in(l)W 

OV 
4.5 V 



V. 



in(0)W 



Each bit location is tested separately by applying pulse A and 4.5 V to 

each of the 16 bit addresses individually. All unused address lines 

are grounded. 

Wg (and Sq) is tested separately (16 tests). Apply pulse B to Wq, pulse 

C to W.,, and measure Vq,j^(q) at Sg. Unused output is open. 

W-j (and S-]) is tested separately (16 tests). Apply pulse B to W., , pulse 

C to Wq, and measure Vout(O) 3t S-i. Unused output is open. 

For the SN5484/SN7484, each of the two Wq or two W^ inputs are tested 

separately. Apply 4.5 V to unused Wq or W^ inputs. 



FIGURE 1 




lseaQ 



iTLv, 



SENSE TIME 
4.5 V 



PULSE B 



in(0)AW 
I 4.5 V 



^!!!n: 



V 
4.5 V 



V 



PULSE Co r SEE 

PULSE B o NOTES 



I 

out(O) I- Each bit location is tested separately by applying pulse A and 
4.5 V to each of the 16 bit addresses individually. All unused 
address lines are grounded. 

2. Wq (and Sq) is tested separately (16 tests). Apply pulse B to 

' Wq, pulse C to W^, and measure Vqujiq) at Sq. Unused output 

is open. 

3. W.| (and S-j) are tested separately (16 tests). Apply pulse B to W.,, 
pulse C to Wq, and measure V^^j^jq) at S-| . Unused output is 
open. 

4. For the SN5484/SN7484, each of the two Wq or two W-| inputs are 
tested separately. Apply 4.5 V to unused Wq or W.| inputs. 

FIGURE 2 



tArrows indicate actual direction of current flow. 
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PARAMETER MEASUREMENT INFORMATION 



d-c test circuits'!' (continued) 



PULSE A 



PULSE B 




'in 



r"^ JL 



SENSE TIME 



V. 



in(0)AS 



1 4.5 V 

I 



-I out(l) 



1. Each bit location is tested separately by applying pulse A 
and 4.5 V to each of the 16 bit addresses individually. All 
unused address lines are grounded. 

2. Wq (and Sg) is tested separately (16 tests). Apply pulse B 
to Wg, ground W-] , and measure VQy^(.| ) at Sg. Unused 
output is open. 

3. VV.* (and S") is tested se^arateh' (16 tests). A^'^h' ^ulse B 
to W^, ground Wg, and measure Vo^;-]) at S-j. Unused 
output is open. 

4. For the SN5484/SN7484, each of the two Wg or two W-] 
inputs are tested separately. Apply 4.5 V to the unused 
input of the gate under test £nd ground both inputs of 
the unused gate. 



FIGURE 3 



in(0) 



rm I 



1 
X2 
X3 .., 

>^4Wo W, 



V. o- 



s> 



SEE 
NOTES 



;=} 



1 . Each input is tested separately. 

2. All unused inputs are grounded. 



FIGURE 4 



t Arrows indicate actual direction of current flow. 
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PARAMETER MEASUREMENT INFORMATION 



d-c test circuits''" (continued) 



cc 
o 



in(0) 



V. O- 



SEE 
NOTES 



X4W0 w^ 



OPEN 



1. Each X input is tested separately with tiie other three X inputs 
grounded and 4.5 V applied to all Y inputs. 

2. Each Y input is tested separately with the other three Y inputs 
grounded and 4.5 V applied to all Y inputs. 

3. For the SN5484/SN7484, both Wg and both W-, inputs 
are grounded. 

FIGURES 



CC 

o 



inO) 



'inO- 



I 



SEE 
NOTES 



CC 



-1x4 W^ w. 



1. Each input is tested separately for lin{1) with all unused 
inputs grounded. 

2. When measuring \qq all inputs are grounded. 

FIGURES 



1" Arrows indicate actual direction of current flow. 
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PARAMETER MEASUREMENT INFORMATION 



switching characteristics 



ADDRESS 

PULSE 

GENERATOR 

(See Note 1) 



TsYNO- 



GENERATOR 
(See Note I) 



GENERATOR 
(See Note 1) 



P 



o 5 
< 1 



7l ^2 ^3 Y^ 



(See Note 3) 



' LOAD CIRCUIT 

120 n: 



1_, 
r' 



u 



LOAD CIRCUIT 2 



(Same as load circuit 1) ' 




OUTPUT H 
(SqORS,) 



PROPAGATION DELAY TIME VOLTAGE WAVEFORMS 

The pulse generators have the following characteristics: V = 3 V, t, = t„ = 10 ns, t ^ = to 10 ns. 
^ " gen '10 setup 

For the address pulse generator, t = 100 ns and PRR = 2 MHz. For the W and W pulse generators, t = 



25 ns and PRR = 1 MHz. 

2. C. includes probe and jig capacitance. 

3. For the SN5484/SN7484, unused W and W inputs are 3.5 V. 
FIGURE 7 -SWITCHING CHARACTERISTICS 
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TYPICAL APPLICATIONS 

This application demonstrates use of tiie 1 6-bit active element memory to form a high-speed, direct-address, scratch-pad 
memory having a storage capability of m-words (in multiples of 16) of n-bit length. For purpjoses of this discussion, a 
memory is illustrated which will store 64 words each having a length of 8-bits. See Figure A. This storage capability 
may be increased or decreased using the patterns shown. 

In this example, each of the planes consist of four 16-bit memory circuits connected in an 8-by-8 matrix. This 
organization provides 64 addresses (words) of 8-bits (word length) or a total bit capability of 512 bits (64 X 8). 

Each bit plane (Bq through By) is formed by paralleling the Wq, W^ inputs, Sq, S-^ outputs, and completing the X-Y 
matrix connections. The matrix is completed by paralleling the X lines of Circuits A-B and C-D and the Y lines of A-C 
then B-D, to form the 64 addresses of plane Bq- Two pull-up resistors, one for Sq and one for S^, should be provided 
for wired-OR outputs. The other seven planes are identical to Bq. 

The X and Y lines of the eight planes are paralleled so that all bits of each word are addressed simultaneously. 
Addressing of a particular word is accomplished by the X-Y decoder/drivers. For this particular example, the decoder 
could be a 1-of-8 decoder (see SN7442 and SN7444 applications) and the drivers may consist of discrete transistors, 
each capable of supplying current for 16 address inputs. A number of decoding/driving schemes are possible. 

The SN5484/SN7484 has gated Wq and W-] inputs which may be used to perform the write enable function. External 
gating may be employed if enabling functions are required with the SN5481/SN7481. 

























X-ADDRESS DECODE 






1 1 1 1 1 1 1 1 






X- DRIVERS 






1 1 1 1 1 1 1 1 
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CIRCUIT TYPE SN7489 
64-BIT READ/WRITE MEMORY 



For Application as a "Scratch Pad" Memory 
with Nondestructive Read-Out 

Fully Decoded Memory Organized as 16 
Words of Four Bits Each 

Fast Access Time . . . 33 ns Typical 

Diede-Clamped, Buffered Inputs 

Open-Collector Outputs Provide WIre-AND 
Capability 

Typical Power Dissipation . . . 375 mW 

Compatible with Most TTL and DTL Circuits 



JOR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW)f 



description 



This 64-bit active-element memory is a monolithic, 
liigh-speed, transistor-transistor logic (TTL) array of 
64 flip-flop memory cells organized in a matrix to 
provide 16 words of four bits each. Each of the 16 
words is addressed in straight binary with full on-chip 
decoding. 



The buffered memory inputs consist of four address 
lines, four data inputs, a write enable, and a memory 
enable for controlling the entry and access of data. 
The memory has open-collector outputs which may 
be wire-AND connected to permit expansion up to 
4704 words of N-bit length without additional output 
buffering. The open-collector outputs may be utilized 
to drive external loads directly; however, dynamic 



SELECT INPUTS 





16 


. 15 




14 


.13 


. 12 . 


. 11 


- 10 




9 






















r 


B C D D4 S4 03 

A S3 

ME WE D1 SI D2 S2 


- 


? ? 


o 


o 






1 


^2 




3 " 


" 4 


5 


' 6 


7 




8 





SELECT \MEM. WRITE/ DATA SENSE DATA SENSE GND 
INPUT A V INPUT OUTPUT INPUT OUTPUT 



positive logic: See description 



^Pin assignments for these circuits are the same for all packages. 



FUNCTION TABLE 



ME 


WE 


OPERATION 


CONDITION OF OUTPUTS 


L 


L 


Write 


Complement of Data Inputs 


L 


H 


Read 


Complement of Selected Word 


H 


L 


Inhibit Storage 


Complement of Data Inputs 


H 


H 


Do Nothing 


High 



reponse of an output can, in most cases, be improved by using an external pull-up resistor in conjunction with a 
partially loaded output. Access time is typically 33 nanoseconds; power dissipation is typically 375 milliwatts. 



write operation 

Information present at the data inputs is written into the memory by addressing the desired word and holding both the 
memory enable and write enable low. Since the internal output of the data input gate is common to the input of the 
sense amplifier, the sense output will assume the opposite state of the information at the data inputs when the write 
enable is low. 

read operation 

The complement of the information which has been written into the memory is nondestructively read out at the four 
sense outputs. This is accomplished by holding the memory enable low, the write enable high, and selecting the desired 
address. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) 7y 

Input voltage (see Note 1) 55 V 

High-level output voltage, VoH (see Notes 1 and 2) 5.5 V 

Operating free-air temperature range 0°C to 70°C 

Storage temperature range -65°Cto150°C 

NOTES: 1 . Voltage values are with respect to network ground terminal. 

2. This is the maximum voltage which should be applied to any output when it is in the off state. 

recommended operating conditions 

MIN IMOM MAX UNIT 

Supply voltage, Vcc • 4.75 5 5.25 V 

Width of write-enable pulse, tw 40 ns 

Setup time, data input with respect to write enable, tsetup (see Figure 1) 40 ns 

Hold time, data input with respect to write enable (see Figure 1) 5 ns 

Select input setup time with respect to write enable, tgetup ns 

Select input hold time after writing, thold(see Figure 1) 5 ns 

Operating free-air temperature, Ta 70 °C 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSl^ 


MIN TYPt MAX 


UNIT 


V| H H igh-level input voltage 




2 


V 


V| L Low-level input voltage 




0.8 


V 


V| 1 nput clamp voltage 


Vcc = MIN, li = -12mA 


-1.5 


V 


'oh High-level output current 


Vcc = MIN, V|H = 2V, 
ViL = 0.8V, VoH=B.5V 


20 


HA 


Vql Low-level output voltage 


Vcc = MIN, V|H = 2V, 
V|L = 0.8V, 


'0L = 12 mA 


0.4 


V 


l0L = 16 mA 


0.45 


ij Inputcurrent at maximum input voltage 


Vcc = MAX, V| = 5.5 V 


1 


mA 


llH High-level input current 


Vcc = MAX, V| = 2.4 V 


40 


mA 


l|l_ Low-level input current 


Vcc = MAX, V| = 0.4 V 


-1.6 


mA 


'CC Supply current 


Vcc = MAX, See Note 3 


75 105 


mA 


Cq Off-state output capacitance 


Vcc = 5 V, Vq = 2.4 V, 

f= 1 MHz 


4 


pF 



NOTE 3: Ice is measured with the memory enable grounded, all other inputs at 4.5 V, and all outputs open. 

■""For conditions shown as MJN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

+ AII typical values are at Vqc = 5 V, T/^ = 25° C. 

switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


Propagation delay time, low-to-high-level 
tpLH 

output from memory enable 


Cl = 30 pF, 
R|_1 = 300 n, 
RL2 = 600n, 
See Figure 1 


26 


50 


ns 


Propagation delay time, high-to-low-level 
tpHL 

output from memory enable 


33 


50 


Propagation delay time, low-to-high-level 
tpLH 

output from select 


30 


60 


ns 


Propagation delay time, high-to-low-level 
tpHL 

output from select 


35 


60 


Sense recovery time 

^SR 

after writing 


output initially high 


39 


70 


ns 


output initially low 


48 


70 
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CIRCUIT TYPE SN7489 
64-BIT READ/WRITE MEMORY 



functional block diagram 
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CIRCUIT TYPE SN7489 
64-BIT READ/WRITE MEMORY 



TYPICAL APPLICATION DATA 



!Rli = scran 



MEMOR 
ENABLE 



From output 
under test 



^ 



_^ CL = 30pF 
"i* (See Note B) 



1 



Rl2 = 600 n 




MEMORY 
ENABLE 



LOAD CIRCUIT 



1.5 V 



ANY 
ADDRESS 



DATA 
INPUT 



^etup *\ 



3V 



OV 
3V 



1.5 V 



/ 3 V 

7ri-5V 
■^1 OV 




I *setup 

1.5 V 



-K I ^ OV 

j*"*i~ thold 



WRITE 
ENABLE 



ANY 
ADDRESS 






t- t ^1 * *l *hold 

\l.5V Ti^-^^ 



3V 



OV 
3V 



ANY HIGH 
OUTPUT 



.-I.— 



tSR 



OV 

' VoH 



tr\ 



ANY 
OUTPUT 



"~T~ *PHL 
\ 1.5 V 



I* ^tpLH 

■VoH 
1.5 V 

■Vol 







ANY LOW 
OUTPUT 



/ 



tSR 
\ 



Vol 
i/" Vqh 






N«,^ 



— Vol 



Write enable is higii. 



READ CYCLE 



WRITE CYCLE FROM WRITE ENABLE 



NOTES: A. The input pulse generators have the following characteristics: tf < 10 ns, tf < 1 ns, PRR = 1 MHz, Z^^^ » 50 fi. 
B. C|_ includes probe and jig capacitance. 

FIGURE 1-SWITCHING CHARACTERISTICS 



TYPICAL CHARACTERISTICS 



INPUT CURRENT 

vs 
INPUT VOLTAGE 



PROPAGATION DELAY TIME 

vs 

FREE-AIR TEMPERATURE 



4 

2 



-2 

-4 

-6 

-8 

-10 

-12 



Vcc 

Ta = 


= 5V 
25° C 










DATA INPUT 


g 








/'allot 


HER INf 


'UTS 






























{ 




















] i 













40 



35 



30 



25 



E 
H 
£ 20 



S 15 



10 





r 


~ tPHL 


SELEC 


1 — 

;tinpl 


ITS 


^ 








"^ 








\ 


X 












s 


\ \ 












\ 


A 


^-tpHL MEMORY ENABLE 1 


NPUT 




V 


— tPLH SELECT INPUTS 
1 1 






V 


— tPLI- 


iMEMC 


)RYE^ 


ABLE 


NPUT 


Vcc - 5 V 
Cl = 30 pF 












Rl 


= 30or 


! 











1 2 3 

V|— Input Voltage— V 

FIGURE 2 



10 20 30 40 50 60 

T^— Free-Air Temperature— °C 

FIGURE 3 
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CIRCUIT TYPE SN7489 
64-BIT READ/WRITE MEMORY 



TYPICAL APPLICATION DATA 




EXPANDING NUMBER OF WORDS 



To increase word capacity, the outputs of a number of memories are wire-AND connected and each memory is enabled 
individually. The word capacity is limited only by the capability to wire-AND the outputs. In this case, the limiting 
parameter is the sink current capability of the memory, 12 milliamperes if the maximum low-level output voltage is 
limited to 0.4 V. Assummg that the output is driving only one Series 74 load (1 .6 mA in the low state), the minimum 
value of the load resistor, R l, will be 442 ohms. 



Rl = 



vcc - Vol 



5.0 V - 0.4 V 



vrl ^ 

IRL Isink - I|L(NtTL loads) 0.012 A - 0.0016 A 



= 442 n 



In this case, the 442-ohm load resistor wjll supply sufficient high-level output current to wire-AND 292 outputs, 
providing a word capacity of 4672 words. 



442 = 



VRL_ 



Vcc - VOH 



5.0 V - 2.4 V 



IRL lOH (Nwire-ANDS) + "iH (NtTL loads) 20 mA (Nwa) + 40 mA(1) 
therefore N^a = 292 outputs 

When driving one or more standard TTL loads, the possibilities are shown below in increments of standard loads for 
both 12-mA and -le-mA sink current. 



WORD CAPACITY vsTTL LOADS FOR Vql = O.i V MAX 



WORD CAPACITY vs TTL LOADS FOR Vql = 0.45 V MAX 



LOADS 


Rl value 

(OHMS) 


MAX NO. OF 
WIRE-ANDS 


MAX NO. 
OF WORDS 


1 


442 


292 


4672 


2 


522 


245 


3920 


3 


638 


197 


3152 


4 


821 


150 


2400 


5 


1150 


103 


1648 


6 


1916 


55 


880 


7 


5750 


8 


128 



Where multiple SN7484 devices are used in a memory 
system, the memory enable input allows easy 
decoding of additional address bits. 



LOADS 


Rl value 

(OHMS) 


MAX NO. OF 
WIRE-ANDS 


MAX NO. 
OF WORDS 


1 


316 


409 


6544 


2 


356 


361 


5776 


3 


406 


314 


5024 


4 


473 


266 


4256 


5 


569 


218 


3488 


6 


711 


170 


2720 


7 


948 


123 


1968 


8 


1422 


75 


1200 


9 


2844 


27 


432 


10 


4000 


12 


192 
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N 



DUAL-IN-LINE PACKAGE (TOP VIEW) 



Applications in Computer Subroutines 

Useful in Display Systems and Readouts 

Memory Organized as 32 Words of 8 Bits 
Each 

Input Clamping Diodes Simplify System 
Design 

Open-Collector Outputs Permit Wire-AND 
Capability 

Typical Access Time: 25 nanoseconds 

Typical Power Dissipation: 285 milliwatts 

Fully Compatible with Most TTL and DTL 
Circuits 



description 



BINARY SELECT 



■^ OUTPUT 





16 . 


15 


. 14 


. 13 


. 12 


. 11 


. 10 


_ 9 
























li 


1 — 


G E D C B A 
Y1 Y8 
Y2 Y3 Y4 Y5 Y6 Y7 
























1 


" 


2 " 


3 " 


4 


5 


6 " 


7 


" 8 


C=J 



\ Y1 Y2 Y3 Y4 Y5 Y6 Y7 / GND 
V ' 

OUTPUTS 



positive logic: See description 



These custom-programmed, 256-bit, read-only memories are organized as 32 words of eigtit bits each. Each monolithic, 
high-speed, transistor-transistor logic (TTL), 32-word memory array is addressed in straight 5-bit binary with full 
on-chip decoding. An overriding memory-enable input is provided which, when taken high, will inhibit the 32 
address gates and cause all eight outputs to remain high. Data, as specified by the customer on the enclosed truth 
table/order blank, are permanently programmed into the monolithic structure for the 256 bit locations. This 
organization is expandable to n-words of N-bit length. 

The address of an eight-bit word is accomplished through the buffered, binary select inputs which are decoded by the 
32 five-input address gates. When the memory-enable input is high, all 32 gate outputs are low, turning off the eight 
output buffers. 

Data are programmed into the memory at the emitters of 32 eight-emitter transistors. The programming process 
involves connecting or not connecting each of the 256 emitters. If an emitter is connected, a low-level voltage is read 
out of that bit location when its decoding gate is addressed. If the emitter is not connected, a high-level voltage is read 
when addressed. Those decoding-gate output emitters which are used are connected to their respective bit lines to drive 
the eight output buffers. Since only one decoding gate is addressed at a time, only one of the 32 transistors can supply 
current to the output buffers at a time. 

This memory is fully compatible for use with most TTL or DTL circuit? Input clamping diodes are provided to 
minimize transmission-line effects and simplify system design. Input buffers lower the fan-in requirement to only one 
normalized Series 54/74 load for all inputs including enable (G). The open-collector outputs are capable of sinking 
12 milliamperes of current and may be wire-AND connected to increase the number of words available. An external 
pull-up resistor from each output to the supply line (Vcc) 's required to define the high-level output voltage. Where 
multiple SN7488 devices are used in a memory system, the enable input allows easy decoding of additional address bits. 
Access propagation delay time is typically 25 nanoseconds and power dissipation is typically 285 milliwatts. 

The customer can specify the output level desired at each of the 256 bit locations by completing the enclosed truth 
table/order blank. Upon receipt of the order, Texas Instruments will assign a special device number to the device 
programmed according to the customer's order. The completed device will be marked with the Tl special device number 
(not SN5488A or SN7448A). It is important that the customer specify not only the output levels desired at all 256-bit 
locations on the enclosed truth table/order blank, but also the other information requested. 

Series 74 devices are characterized for operation from 0°C to 70°C. 



-0 r-5 
> mC 



2 >lS 
^ 00 

z-*oo 

^ >oo 

^^ 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vcc (see Note 1) 7V 

Input voltage (see Note 1) 5.5 V 

Operating free-air temperature range: SN5488A Circuits 55°Cto125°C 

SN7488A Circuits , 0°Cto70°C 

Storage temperature range —65 C to 150 C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 





SN5488A 


SN7488A 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


Operating free-air tennperature range, T/\ 


-55 25 125 


25 70 


°c 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONSf 


MIN TYP? MAX 


UNIT 


V||-| High-level Input voltage 


1 




2 


V 


V|L Low-level input voltage 


1 




0.8 


V 


V| Input clamp voltage 


2 


Vcc = MIN, l|=-12mA 


-1.5 


V 


Iqh High-level output current 


1 


Vcc = MIN, V|H = 2V, 
V|L = 0.8V, VoH = 5.5V 


40 


mA 


Vol Low-level output voltage 


1 


Vcc = MIN, 
V,H = 2V, 
V|L = 0.8V, 


l0L= 12 mA 


0.4 


V 








l||-l High-level input current (each input) 


3 


Vcc = MAX, V| = 2.4V 


25 


mA 


Vcc = MAX, V| = 5.5V 


1 


mA 


IlL Low-level-input current (each input) 


2 


Vcc = MAX, V( = 0.4 V 


-1 


mA 


'CCH Supply current, all outputs high 


4 




50 


mA 


'CCL Supply current, all outputs low (see Note 2) 


5 






64 80 



tpor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type. 
•^Ht All typical values are at Vqc = 5 V, T/j^ = 25°C. 

OTE 2: All 32 words are addressed separately to ensure that the supply current does not exceed the stated maximurrii The typical value 
shown is for the worst-case condition of all eight outputs driven low at one time. 



switching characteristics, Vcc = 5 V, Ta = 25°C 



PARAMETER § 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST 
FIGURE 


TEST 
CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH 


Enable 


Any 


6 


Cl= 15 pF, 

Rli = 30on, 

RL2 = 600n 


22 35 


ns 


tPHL 


Enable 


Any 


22 35 


tPLH 


Select 


Any 


29 45 


tPHL 


Select 


Any 


23 40 



§tpLH ~ Propagation delay time, low-to-high level output. 
tpHL " Propagation delay time, high-to-low level output. 
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TRUTH TABLE 

The output levels are not shown on the truth table since the customer specifies the output condition he desires at each 
of the eight outputs for each of the 32 words (256 bits). The customer does this by filling out the TRUTH 
TABLE/ORDER BLANK at the back of this data sheet, and sending it in with his purchase order. The copy of the 
truth table on this page may be filled out and retained by the customer for his reference. 



WORD 


INPUTS 
















1 




BINARY SELECT 




ENABLE 




E 


D 


C 


B 


A 


G 


Y8 


Y7 


Y6 


Y5 


Y4 


Y3 


Y2 


Y1 





L 


L 


L 


L 


L 


L 
















^^^ 


1 


L 


L 


L 


L 


H 


L 


















2 


L 


L 


L 


H 


L 


L 


















3 


L 


L 


L 


H 


H 


L 


















4 


L 


L 


H 


L 


L 


L 


















5 


L 


L 


H 


L 


H 


L 


















6 


L 


L 


H 


H 


L 


L 


















7 


L 


L 


H 


H 


H 


L 


















8 


L 


H 


L 


L 


L 


L 


















9 


L 


H 


L 


L 


H 


L 


















10 


L 


H 


L 


H 


L 


L 


















11 


L 


H 


L 


H 


H 


L 


















12 


L 


H 


H 


L 


L 


L 


















13 


L 


H 


H 


L 


H 


L 


















14 


L 


H 


H 


H 


L 


L 


















15 


L 


H 


H 


H 


H 


L 


















16 


H 


L 


L 


L 


L 


L 


















17 


H 


L 


L 


L 


H 


L 


















18 


H 


L 


L 


H 


L 


L 


















19 


H 


L 


L 


H 


H 


L 


















20 


H 


L 


H 


L 


L 


L 


















21 


H 


L 


H 


L 


H 


L 


















22 


H 


L 


H 


H 


L 


L 


















23 


H 


L 


H 


H 


H 


L 


















24 


H 


H 


L 


L 


L 


L 


















25 


H 


H 


L 


L 


H 


L 


















26 


H 


H 


L 


H 


L 


L 


















27 


H 


H 


L 


H 


H 


L 


















28 


H 


H 


H 


L 


L 


L 


















29 


H 


H 


H 


L 


H 


L 


















30 


H 


H 


H 


H 


L 


L 


















31 


H 


H 


H 


H 


H 


L 


















ALL 


X 


X 


X 


X 


X 


H H 


H 


H 


H 


H 


H 


" 


H 



H = high level, L = low level, X = irrelevant 
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functional block diagram (programming not shown) 



BINARY 
SELECT 




The line matrix shown above is an extreme simplification of the 256 program options. 
A more precise representation of the possible connections between a gate and the 
output sense lines is shown in the schematic. 



Y8 Y7 Y6 Y5 Y4 Y3 Y2 Yl 
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CIRCUIT TYPES SN5488A, SN7488A 
258-BIT READ-ONLY MEMORIES 



PARAMETER MEASUREMENT INFORMATION 



TEST 

PER 

TRUTH 

TABLE 



TEST 

PER 

TRUTH 

TABLE 



5 



71- 

i 1 



FIGURE 1-V,H.V,L.loH' Vol 



T 



Each input is tested separately with all other 
inputs at 4.5 V. 



FIGURE 2-V,, l,L 



FIGURE 4-1 



CCH 



^ 



T 



Each input is tested separately with all other 
inputs grounded. 



FIGURE 3-1 



IH 



All 32 words are tested separately. 
FIGURE 5-lj,j,^^ 



11 Arrows indicate actual direction of current flow. Current into a terminal is a positive value 
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switching characteristics 



PARAMETER MEASUREMENT INFORMATION 



0.4 VO ► 



PULSE 
GENERATOR 
iSee Note Ai 



SEE 

NOTE 

B 



T 




_^ 



. Rl = 300 n 



Rl = 

600 n 



Cl = 30 pF 



TEST CIRCUIT 



INPUT 



OUTPUT 



OUTPUT 



— H U— <5 ns 
I I 



10% 




90% 
1.5 V 



\- 1.5 V 

XL 



'PHLl 



yF 



'PLH 



— i^ h— < 5i 



90%- \ I 
1.5V-VI 



10% 



1.5 V- 



3.5 V 



0.4 V 



'OH 



'OL 






|1.5V- 



— H Vhl \*— 



OH 



'OL 



VOLTAGE WAVEFORMS 



NOTES: A. The generator has the following characteristics: PRR = 1 MHz, Zqu^ » 50 n. 

B. The pulse generator is connected to the input under test. The other inputs, memory content permitting, are connected so 
that the input will switch the output under test. 

C. C|_ includes probe and jig capacitance. 

FIGURE 6-PROPAGATION DELAY TIMES 
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TYPICAL APPLICATION DATA 



operation 



Interconnection of the address buffers and decoding gates is already committed in the circuit design. Each decoding 
gate corresponds to one of the 32 eight-bit words which is programmed into the memory. 

When a decoding gate is addressed, all its output emitters are high. All of the emitters connected to a particular output 
line form dot-OR connections with one another; that is, one high emitter is necessary and sufficient to carry the line 
high. This high is then inverted by an output buffer to produce a low-level output. 

Assume that the gate shown in the schematic diagram is gate 31 and that word 31 is to be 10000001 using positive 
logic. This requires a high-level voltage at outputs 1 and 8. Therefore, emitters 1 and 8 of gate 31 would be left 
unconnected while the remaining emitters would be connected to their corresponding output lines. 



expansion 



Figure A illustrates how two memories may be connected to provide 32 words of 16 bits each. This scheme may be 
utilized to form words of N-bit length. Figure B shows how the enable input may be utilized to selectively activate the 
memory in applications requiring a larger number of words. Although 8-bit words are shown in Figure B, each word 
may be lengthened by the method illustrated in Figure A. One obvious limiting factor in this expansion scheme is the 
fan-out capability of the binary select register. The capability for further expansion above 512 words is available by 
utilizing a selective method for enabling the SN54154 or SN74154 four-line-to-1 6-line decoder. For smaller memory 
systems, the SN54154 or SN74154 may be replaced with SN5442 or SN7442 or standard TTL NAND gates. 



BO B1 82 83 84 85 86 87 



16-8ITWORD 

A 



88 89 BIO BT1 812 813 814 815 



\ 



Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 



SN5488A OR 
SN7488A 



A 8 C b E 



-O 



Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 

G SN5488A OR 

SIM7488A 

A 8 CD E 



ENABLE ^A 8 C D E 

^ V 



BINARY SELECT 
REGISTER 



FIGURE A-INCREASING WORD LENGTH 
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TYPICAL APPLICATION DATA 



^cco- 



Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 

SN5488AOR 

SN7488A 

A B C D E 



TO OUTPUTS 
> OF OTHER 
MEMORIES 



Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 

SN5488A OR 
' SN7488A 

ABODE 



TO BINARY 
SELECT INPUTS 
OF OTHER 
MEMORIES 



TO ENABLE INPUTS OF OTHER MEMORIES 
/V 



n n 



<S rS rt (S rt — Cl—Q. 



▲ AAA A A A^ 



<S A (S (S cS A 6 



012345678 

SN54154 

OR 
SN74154 

A B C D 



9 10 11 12 13 14 15 



G1 G2 

— cr 



ENABLE 



\A_BCD E F H I J / 

V 

BINARY SELECT REGISTER 

FIGURE B-INCREASING WORD CAPACITY 



9-242 



Texas Instruments 

INCORPORATED 
POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



PRiNieO IN us A 1 

Tl connot ossume ony responsibilily foi ony (irtuils shown 
or represent Ihol they ore free from potent infringement 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIM 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBll 



CIRCUIT TYPES SN5488A, SN7488A 
256-BIT READ-ONLY MEMORIES 



TRUTH TABLE/ORDER BLANK 



CUSTOMER 



PURCHASE ORDER NO. 
CUSTOMER PART NO. _ 



THIS PORTION TO BE COMPLETED BY Tl 

Tl PART NO.: 

S.O. NO.: 

DATE RECEIVED: 



WORD 


INPUTS 
















1 




BINARY SELECT 




ENABLE 


UUIfUIS 1 


E 


D 


C 


B 


A 


G 


Y8 


Y7 


Y6 


Y5 


Y4 


Y3 


Y2 


Y1 





L 


L 


L 


L 


L 


L 


^^^ 








""^^ 








1 


L 


L 


L 


L 


H 


L 


















2 


L 


L 


L 


H 


L 


L 


















3 


L 


L 


L 


H 


H 


L 


















4 


L 


L 


H 


L 


L 


L 


















5 


L 


L 


H 


L 


H 


L 


















6 


L 


L 


H 


H 


L 


L 


















7 


L 


L 


H 


H 


H 


L 


















8 


L 


H 


L 


L 


L 


L 


















9 


L 


H 


L 


L 


H 


L 


















10 


L 


H 


L 


H 


L 


L 


















11 


L 


H 


L 


H 


H 


L 


















12 


L 


H 


H 


L 


L 


L 


















13 


L 


H 


H 


L 


H 


L 


















14 


L 


H 


H 


H 


L 


L 


















15 


L 


H 


H 


H 


H 


L 


















16 


H 


L 


L 


L 


L 


L 


















17 


H 


L 


L 


L 


H 


L 


















18 


H 


L 


L ■ 


H 


L 


L 


















19 
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L 


L 


H 


H 


L 


















20 
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L 


H 


L 


L 
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L 
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L 
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L 
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H 
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L 


L 


















23 
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L 


H 
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24 
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L 


L 


L 
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25 
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L 


L 


H 


L 


















26 
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H 


L 


L 


















27 
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H 
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L 


















28 
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L 


L 


















29 


H 


H 


H 


L 


H 


L 


















30 


H 


H 


H 


H 


L 


L 


















31 


H 


H 


H 


H 


H 


L 


















ALL 


X 


X 


X 


X 


X 


H 


H 


H H 


H 


H 


H 


H 



v> 



CD 



UI 



SO 

CM -I 

cccc 
oo 

u. u. 
Q-i 
J" a: 

Eo 



oi 

ZiCS 

UJI 

o 



z 



H = high level, L = low level, X = irrelevant 
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1024-BIT READ-ONLY MEMORIES 



Typical Access Time . . . 40 ns 

Typical Power Dissipation . . . 0.46 mW/Bit 

Organized as 256 Words by 4 Bits 

Ideal for Microprogramming, Reference 
Tables, and Code Converters 

Easily Expandable 

Fully Decoded, Buffered Inputs 

Diode-Clamped Inputs 

Full Fan-Out, Open-Collector Outputs 

Fully Compatible with Most TTL and 
DTL Circuits 



J OR N DUAL-IN-LINE OR 
W FLAT PACKAGE (TOP VIEW)t 



SELECT ENABLES 
INPUT * 
Vcc H 'ME2 MET 



DATA OUTPUTS 



16 . 


15 


14 


13 . 12 


JT 


. 10 


I 


"1 




^^ 












1 


V V CL 















H ME Y1 Y2 Y3 
G Y4 




F E D A B C 
















1 


2 


" 3 ■ 


iTLl 


ti. 


"|_7_ 


" 


J 



SELECT INPUTS 



positive logic: See description 



description 

tPin assignments for these circuits are the same for all packages. 

The SN54187 and SN74187 circuits are custom-programmed, 1024-bit, read-only memories organized as 256 words of 
four bits each. These monolithic, high-speed transistor-transistor logic (TTL) memory arrays are addressed in straight 
eight-bit binary with full on-chip decoding. Two overriding memory-enable inputs are provided which, when either one 
or both are taken high, will inhibit the function causing all four outputs to remain high. Data, as specified by the 
customer, are permanently programmed into the monolithic structure for the 1024 bit locations. This organization is 
expandable to 41,472 words of n-bits with no additional output buffering. 

The address of a four-bit word is accomplished through the buffered binary select inputs in coincidence with low-level 
voltages at both enable inputs. The most significant binary select inputs, D through H, are decoded internally in the X 
plane to select one-of-32 lines, and the least significant bits. A, B, and C, are internally decoded in the Y plane to 
accomplish one-of-eight decoding to drive the four output buffers. Where multiple SN54187 or SN74187 devices are 
used in a memory system, the enable input allows easy decoding of additional address bits. 

Data are programmed into the memory cell at the emitters of 1024 transistors. The memory cell consists of a 32-by-32 
matrix of transistors. In the X plane each of the 32 address decoding gate outputs supply common base drive to 32 
transistors. In the Y plane the 32 transistors are arranged into four groups of eight. This permits each of the bit lines to 
be terminated in four one-of-eight decoders which achieves the four-bit word length. 

The open-collector outputs are capable of sinking 16 milliamperes of current and may be wire-AND connected to 
increase the number of words available. The open-collector outputs may be utilized to drive external loads directly; 
however, dynamic response of the outputs can, in some cases, be improved by using an external pull-up resistor in 
conjunction with a partially loaded output. 

The customer can specify the output logic level desired at each of the 1024 bit locations by completing the 
supplementary ordering data and a set of data cards punched in accordance with the data format shown under ordering 
instructions. Upon receipt of the order, Texas Instruments will assign a special device number to the device 
programmed according to the customer's order. The completed device will be marked with the TI special device number 
(not SN54187 or SN74187). It is important that the customer specify not only the output levels desired at all 1024 
bit locations, but also the other information requested. 

Access propagation delay time is typically 40 nanoseconds and power dissipation is typically 0.46 milliwatt per bit. 
The SN54187 is characterized for operation over the full military temperature range of -55°C to 125 C; the 
SN74187 is characterized for operation from 0°C to 70°C. 



PRELIMINARY DATA SHEET: 

9-244 Supplementary data will be 

published at a later date. 
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CIRCUIT TYPES SN54187, SN74187 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1 ) ^ V 

Input voltage (see Note 1) "o" ' ^'""o^ 

Operating free-air temperature range: SN541 87 Circuits -55Cto125^C 

SN74187 Circuits 0°Cto70°C 

Storage temperature range ~^^ C to 150 C 

NOTE 1 : Voltage values are with respect to network ground terminal. 



recommended operating conditions 



Supply voltage, Vcc 



Low-level output current, Iql 



Operating free-air temperature, T/^ 



SN54187 



MIN NOM IVIAX 



4.5 



5.5 



16 



-55 



125 



SN74187 



MIN NOM MAX 



4.75 



5.25 



16 



70 



UNIT 



mA 



°C 



ectric 


al characteristics over recommended operating free-air temperature (unless otherwise 


noted) 


PARAMETER 


TEST CONDITIONST 


MIN TYP? 


MAX 


UNIT 


V|H 


High-level input voltage 




2 


V 


V|| 


Low-level input voltage 




0.8 


V 


V| 


Input clamp voltage 


Vcc = MIN. l| = -12mA 


-1.5 


V 


Iqh 


High-level output current 


Vcc = MIN, V|H = 2V, 
V|L = 0.8V, VoH = 5.5V 


40 


mA 


Vol 


Low-level output voltage 


Vcc = MIN, 
V,H = 2V, 
V|L = 0.8V 


'OL= 12 mA 


0.4 


V 


l0L= 16 mA 


0.45 


l| Input current at maximum input voltage 


Vcc = MAX, V| = 5.5V 


1 


mA 


■iH 


High-level input current 


Vcc = MAX, V| = 2.4 V 


40 


MA 


III 


Low-level input current 


Vcc = MAX, V| = 0.4 V 


-1 


mA 


'CC 


Supply current 


Vcc = MAX, See Note 2 


92 


130 


mA 


Co 


Off-state output capacitance 


Vcc = 5 V, Vo = 5 V. 
f = 1 MHz 


6.5 


pF 



NOTE 2: With outputs open and both ME inputs grounded. Ice is measured first by selecting a word which contains the maximum number of 

programmed high-level outputs, then by selecting a word which contains the maximum number of programmed low-level outputs, 
t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
$ All typical values are at V^c = 5 V, T^ = 25 C. 

switching characteristics, VcC = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Propagation delay time, low-to-high- 

tpi H 

level output from enable 


CL = 30pF, 
Rm =300n, 
RL2 = 600n, 
See Figure 1 


20 30 


ns 


Propagation delay time, high-to-low- 
tpi-ii 

level output from enable 


20 30 


Propagation delay time, low-to-high- 

tPLH 

level output from select 


40 60 


ns 


Propagation delay time, high-to-low- 

tpu 1 

level output from select 


40 60 
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CIRCUIT TYPES SN54187, SN74187 
1024-BIT READ-ONLY MEMORIES 



functional block diagram 



SELECT 
INPUTS 



H©- 
G0- 
F©- 
E(3>- 
D©- 



c©- 

B©- 
A©- 



{ME1 (t3)- 
IVIE2 @- 



1-OF-32 
DECODER 



1024 BIT MEMORY CELL 



32-BY-32 
MEMORY MATRIX 



1 0F8 
DECODER 



33 



1-0F-8 
DECODER 



l-OF-8 
DECODER 



l-OF-8 
DECODER 



vcc@-p_, 

\y INTERNAL SUPPLY BUS 
GND® — I 

/fy SUBSTRATE 



PARAMETER MEASUREMENT IIMFORMATION 



FROM OUTPUT 
UNDER TEST 



VCC 



Rli =30on 



. Cl = 30 pF 
• (See Note B) 



RL2 = 600n 



INPUT V 

-*- 1 5 ^ 
(See Note C) ^ 

/iV_ 



ANY 

PROGRAMIVIED 

OUTPUT 



\1.5 V 
_ 



"V " 

-/iN 0^ 



k ^tpHL tPLH— 1« ti 

I I 



VoH 

1.5 V 

Vol 



LOAD CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse generator has the following characteristics: t^ < 10 ns, tf < 10 ns, PRR < 1 MHz, Z * ss 50 fi. 

B. Cl includes probe and jig capacitance. 

C. The pulse generator is connected to the input under test. The other inputs, memory content permitting, are connected so that the 
input will switch the output under test. 

FIGURE l-PROPAGATION DELAY TIMES 
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CIRCUIT TYPES SN54187, SN74187 
1024-BIT READ-ONLY MEMORIES 



ORDERING INSTRUCTIONS 



Programming instructions for the SN54187 or 
SN74187 are solicited in the form of a sequenced 
deck of 32 standard 80-column data cards providing 
the information requested under data card format, 
accompanied by a propqriy sequenced listing of these 
cards, and the supplementary ordering data. Upon 
receipt of these items, a computer run will be made 
from the deck of cards which will produce a complete 
truth table of the requested part. This truth table, 
showing output conditions for each of the 256 words, 
will be forwarded to the purchaser as verification of 
the input data as interpreted by the computer- 
automated design (CAD) program. This single run 
also generates mask and test program data; therefore, 
verification of the truth table should be completed 
promptly. 

Each card in the data deck prepared by the purchaser 
identifies the eight words specified and describes the 
conditions at the four outputs for each of the eight 
words. All addresses must have all outputs defined 
and columns designated as "blank" must not be 
punched. Cards should be punched according to the 
data card format shown. 

SUPPLEMENTARY ORDERING DATA 

Submit the following information with the data 
cards: 

a) Customer's name and address 

b) Customer's purchase order number 

c) Customer's drawing number. 

The following information will be furnished to the 
customer by Texas Instruments: 

a) Tl part number 

b) Tl sales order number 

c) Date received. 

DATACARD FORMAT 



Column 
1- 3 



Punch a right-justified integer representing 
the binary input address (000-248) for the 
first set of outputs described on the card. 

4 Punch a "-" (Minus sign) 

5- 7 Punch a right-justified integer representing 
the binary input address (0007-255) for the 
last set of outputs described on the card. 

8- 9 Blank 

10-13 Punch "H", "L", or "X" for bits four, 
three, two, and one (outputs Y4, Y3, Y2, 
and Y1 in that order) for the first set of 



outputs specified on the card. H = high-level 
output, L = low-level output, X = output 
level irrelevant. 

14 Blank 

15-18 Punch "H", "L", or "X" for the second set 
of outputs. 

19 Blank 

20-23 Punch "H", "L", or "X" for the third set of 
outputs. 

24 Blank 

25-28 Punch "H" "L", or "X" for the fourth set 
of outputs. 

29 Blank 

30-33 Punch "H", "L". or "X" for the fifth set of 
outputs. 

34 Blank 

35-38 Punch "H", "L", or "X" for the sixth set of 
outputs. 

39 Blank 

40-43 Punch "H", "L", or "X" for the seventh set 
of outputs. 

44 Blank 

45-48 Punch "H", "L", or "X" for the eighth set 
of outputs. 

49 Blank 

50-51 Punch a right-justified integer representing 
the current calendar day of the month. 

52 Blank 

53-55 Punch an alphabetic abbreviation 
representing the current month.. 

56 Blank 

57-58 Punch the last two digits of the current 
year. 

59 Blank 

60-61 Punch "SN" 

62-66 Punch a left-justified integer representing 
the Texas Instruments part number. This is 
supplied by the factory through a Tl sales 
representative. 

67-68 Blank 

69-80 Preferably these columns should be 
punched to reflect the customer's part or 
specification-control number. This informa- 
tion is not essential. 



. PRINTED IN U.S.A. 

Tl cannot assume any responsibility for any circuits shown 
or represent that they are free from patent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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CIRCUIT TYPES SN54170, SN74170 
4-BY-4 REGISTER FILES 



• Separate Read/Write Addressing Permits 
Simultaneous Reading and Writing 

• Fast Access Times . . . Typically 20 ns 

• Open-Collector Outputs with 30-mA 
Maximum Off-State Current 

• Organized as 4 Words of 4 Bits 

• Expandable to 1 024 Words of n-Bits 

• For Use as: 

Scratch-Pad Memory 

Buffer Storage between Processors 

Fast Multiplication Schemes 



J OR N DUAL-INLINE 
OR W FLAT PACKAGE (TOP VIEW)t 



DATA 
Vcc ID 



WRITE SELECT ENABLES OUTPUTS 
B ''WRITE READ" 1Q 2Q' 



^ 16 . 15 . 14 _ 13 _ 12 . 11 . W . 9 



O 



5 n 6 n ^ \[^ 



40 30, GND 



3D 4D 

V— — 

DATA READ SELECT OUTPUTS 



positive logic: See description 



description 



tpin assigments for these circuits are the same for all 
packages. 



The SN54170 and SN74170 MSI 16-bit TTL register files incorporate the equivalent of 98 gates on a monolithic chip 
measuring only 90 by 110 mils. The register file is organized as 4 words of 4 bits each and separate on-chip decoding is 
provided for addressing the four word locations to either write-in or retrieve data. This permits simultaneous writing 
into one location and reading from another word location. 

Four data inputs are available which are used to supply the 4-bit word to be stored. Location of the word is determined 
by the write address inputs A and B in conjunction with a write-enable signal. Data applied at the inputs should be in its 
true form. That is, if a high-level signal is desired from the output, a high-level is applied at the data input for that 
particular bit location. The latch inputs are arranged so that new data will be accepted only if both internal address gate 
inputs are high. When this condition exists, data at the D input is transferred to the latch output. When the write enable 
input, Gyv is high, the data inputs are inhibited and their states can cause no change in the information stored in the 
internal latches. When the read enable input, Gr, is high, the data outputs are inhibited and remain high. 

The individual address lines permit direct acquisition of data stored in any four of the latches. Four individual decoding 
gates are used to complete the address for reading a word. When the read address is made in conjunction with the 
read-enable signal, the word appears at the four outputs. 

This arrangement— data-entry addressing separate from data-read addressing and individual sense line-eliminates 
recovery times, permits simultaneous reading and writing, and is limited in speed only by the write time (45 
nanoseconds maximum) and the read time (35 nanoseconds maximum). The register file has a non-destructive readout 
in that data is not lost when addressed. 

All inputs are buffered to lower the drive requirements to one normalized Series 54/74 load, and input-clamping diodes 
minimize switching transients to simplify system design. High-speed, double-ended AND-OR-INVERT gates are 
employed for the read-address function and drive high-sink-current, open-collector outputs. Up to 256 of these outputs 
may be wire-AND connected for increasing the capacity up to 1024 words. Any number of these registers may be 
paralleled to provide n-bit word length. 

Power dissipation is typically 500 mW total or 5 mW per gate. The SN54170 is characterized for operation over the full 
military temperature range of -55°C to 125°C; the SN74170 is characterized for operation from 0°C to 70°C. 
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CIRCUIT TYPES SN54170, SN74170 
4-BY-4 REGISTER FILES 



logic 



WRITE FUNCTION TABLE (SEE NOTES A. B, AND C) 



READ FUNCTION TABLE (SEE NOTES A AND D) 



WRITE INPUTS 




WORD 




Wb Wa Gw 





1 2 


3 


L L L 


Q = D 


Qn Qn 


Qn 


L H L 


Qn 


Q=D Qn 


Qn 


H L L 


Qn 


Qn Q = D 


Qn 


H H L 


Qn 


Qn Qn 


Q=D 


X X H 


Qn 


Qn Qn 


Qn 



READ INPUTS 




OUTPUTS 




Rb Ra Gr 


1Q 


2Q 3Q 


4Q 


L L L 


W0B1 


W0B2 W0B3 


W0B4 


L H L 


W1B1 


W1B2 W1B3 


W1B4 


H L L 


W2B1 


W2B2 W2B3 


W2B4 


H H L 


W3B1 


W3B2 W3B3 


W3B4 


X X H 


H 


H H 


H 



NOTES: A. H = high level, L = low level, X = Irrelevant 

B. (Q = D) = The four selected internal flip-flop outputs will assume the states applied to the four external data inputs. 

C. Qn = No change. 

D. W0B1 = The first b*t.of word 0, etc. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vcc (see Note 1) 7V 

Input voltage (see Note 1) 5.5 V 

Output voltage (see Notes 1 and 2) 5.5 V 

Operating free-air temperature range: SN54170J Circuits — 55°Cto125°C 

SN74170J,N Circuits 0°C to 70°C 

Storage temperature range — 65°Cto150°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 

2. This is the maximum voltage which should be applied to any output when it is in the off state. 

recommended operating conditions 







SN54170 


SN74170 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Supply voltage Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


Low-level output current, Iql 


16 


16 


mA 


Width of write-enable or read-enable pulse, t^y 


25 


25 


ns 


Setup times, high- or low-level data 
(see Note 3 and Figure 1 ) 


data input with respect to 
write enable, tgetupO) 


10 


10 


ns 


write select with respect to 
write enable, tsetup(W) 


15 


15 


ns 


read select with respect to 
read enable, tsetup(R) 


5 


5 


ns 


Hold times, high- or low-level data 
(see Note 4 and Figure 1) 


data input with respect to 
write enable, thold(D) 








ns 


write select with respect to 
write enable. thold(W) 


5 


5 


ns 


read select with respect to 
read enable, thold(R) 


5 


5 


ns 


Latch time for new data, t|atch ^^^ l^o^e 5) 


25 


25 


ns 


Operating free-air temperature range, T/^ 


-55 25 125 


25 70 


°C 



NOTES: 3. Setup time is the interval immediately preceding the negative-going edge of the enable pulse during which interval the data or 
address to be recognized must be maintained at the input to ensure its recognition. 

4. Hold time is the interval immediately following the positive-going edge of the enable pulse during which interval the data or 
address to be recognized must be maintained at the input to ensure its continued recognition. 

5. Latch time is the time required for the internal output of the latch to assume the state of new data. See Figure 1. This is 
important only when attempting to read from a location Immediately after that location has received new data. 
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CIRCUIT TYPES SN54170, SN74170 
4-BY-4 REGISTER FILES 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST COIMDITIONSt 


MIN TYPI: MAX 


UNIT 


V|H High-level input voltage 




2 


V 


V|L Low-level input voltage 




0.8 


V 


V| Input clamp voltage 


Vcc = MIN, l| =-12mA 


-1.5 


V 


IqH High-level output current 


Vcc=MIN, Vo = 5.5V 


30 


mA 


Vql Low-level output voltage 


Vcc = MIN, V|L = 0.8V, 
'0L = 16 mA 


0.4 


V 


l| Input current at maximum input voltage 


Vcc = MAX, V| = 5.5 V 


1 


mA 


l|[-l High-level input current 


Vcc = MAX, V| = 2.4V 


40 


HA 


l||_ Low-level input current 


Vcc = MAX, V| = 0.4 V 


-1.6 


rriA 


Ice Supply current 


Vcc = MAX, 
see Note 6 


SN54170 


127i 140 


mA 


SN74170 


127t 150 



^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. . . 

+Tvpical power dissipation shown is an average for 50% duty cycle at Vqc ~ 5 V, T/^ = 25°C. 

NOTE 6: Maximum Iqq is guaranteed for the following worst-case conditions: 4.5 V is applied to all data inputs and both enable inputs, 
all address inputs are grounded, and all outputs are open. 

switching characteristics, Vcc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITrONS 


MIN TYP 


MAX 


UNIT 


Propagation delay time, low-to- 










tpLH high-level output, from read 


CL = 15pF, RL = 400n 


10 


15 


ns 


enable to any Q 










Propagation delay time, high-to- 










tpH L low-level output, from read 


CL=15pF, RL = 400n 


20 


30 


ns 


enable to any Q 
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functional block diagram 



^>n 




WRITE INPUT 
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CIRCUIT TYPES SN54170, SN74170 
4-BY-4 REGISTER FILES 



PARAMETER MEASUREMENT INFORMATION 



switching characteristics 



OUTPUT - 




^0^= 15pF 



NOTE; Cl includes probe and jig capacitance. 



WRITE-SELECT INPUT 
W„ OR W 



LOAD FOR OUTPUT UNDER TEST 



ID, 2D, 3D, OR 4D 
(see Note A) 



READ-SELECT INPUT 
R. OR R 



OUTPUT 
1Q, 2Q, 3Q, OR 4Q 



VOLTAGE WAVEFORMS 

NOTES: A. High-level inputs are illustrated; however, low-level setup and hold times are the same. 

B. Waveforms are supplied by generators with the following characteristics: PRR < 1 MHz, Zout * ^^ ^' "^"^V cycle < 5Q%, 
tr < 10 ns, tf = 10 ns. 

C. This applies only when reading from a location immediately after that location has received new data. 

FIGURE 1-SWrTCHING TIMES 



3V 
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TYPICAL APPLICATION DATA 

general 

These register files may be cascaded to form n-bit registers with capacities of 1024 words. Word capacity is increased by 
wire-AND connecting the four outputs of a number of register files (up to 256). One write-select and one read-select 
register is required for all the paralleled files. 

For increased word length (number of bits), a number of files may be selected and enabled simultaneously to provide 
the desired word length. This scheme is compatible for using parallel files to provide more words also. All inputs and 
outputs, except the write-enable and read-enable lines, are paralleled to add word capacity. The enable lines are separate 
for each word. 

These register files can be used with improved efficiency in most applications that require a scratch-pad-type memory. 
Because recovery times are eliminated, the cycle time is a function of the longer of the write or read time. In the case of 
the SN54170/SN74170, this is the write time which is 45 nanoseconds maximum. The separate write and read address 
inputs permit efficient usage in applications where new data is entered throughout the memory during each cycle. A 
familiar example of this is a display in which the information moves across a panel of lights. The first display data is 
stored in the file, and as it is being read and displayed, the next display data is being written into the memory. More 
realistically, the SN54170/SN74170 is capable of operating at speeds that permit its use as a high-speed buffer memory 
between main memories or peripheral stations. In addition, the register file could be used to acquire tabular data, as a 
complete table or on a partial basis, recycling to present the entire bank of data. 
high-speed buffer memory 

These register files may also be organized differently on the read inputs than on the write outputs. As shown in 
Figure A, for example, the SN54170/SN74170 is utilized to acquire 256-bit words from the main memory and make 
32-bit words available to the central processor unit (CPU). The 256-bit word is transferred in parallel to the buffer 
memory. A typical access time to the main memory is in the order of one microsecond. The buffer memory is 
organized so that the 256 bits of data are made available to the CPU in 32-bit words. Access time to data stored in the 
buffer register is 35 nanoseconds. In terms of frequency, data may be transferred from core memory to buffer memory 
at typically one megahertz; however, the transfer rate from buffer register to CPU is typically 20 megahertz when data 
setup time at the CPU is considered (30 nanoseconds propagation delay time through the SN54170/SN74170 and 10 to 
20 nanoseconds data setup time in the CPU). 

This buffer memory provides the following advantages: 

• ability to simultaneously read and write means that the CPU is not interrupted as the buffer 
memory is being re-programmed 

• the flexibility of organizing the write inputs and read outputs differently gives an effective 
main-memory access time of 125 nanoseconds: 

/ 32 bits \ 

X 1 MS for one CPU word (32 bits). 

\ 256 bits / 

The concept of this organization is illustrated in Figure B which shows a 16-bit word being made available in 4-bit 

words. The 16-bit word is written simultaneously into word locations A, B, C, and D by a common write signal. Any 

4-bit word may then be selected from these word locations by separate read-enable strobes. 



1 MS access time 
256 bits ( 1 word) 

125 ns equivalent access time 
32 bits (1 CPU word) 



35 ns access time 
32 bits (1 CPU word) 

45 ns write time 
256 bits (1 main-memory word) 



MAIN 

MEMORY 

(CORE) 



BUFFER 

MEMORY 

(SN54170/SN74170) 



CPU 



MEMORY CONTROL 



FIGURE A-HIGH-SPEED BUFFER MEMORY 
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TYPICAL APPLICATION DATA 
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CIRCUIT TYPES SN5480, SN7480 
GATED FULL ADDERS 



logic 



TRUTH TABLE 
(See Notes 1,2, and 3) 
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FLAT PACKAGE (TOP VIEW) 



J CRN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



A* Ag Ai GND 2 £ Cn+1 

® ® ® ® ® © © 
I j I 11 



W 



[t 



T ' T l i l 



A2 Ai s 2 

A* , 

Ac "+1 

^B-i B2 B* Be Cn 



^ 



© © © © © © © 

Ac Bi B2 Vcc B* Be Cn 



Vcc 
14 


B2 

13 . 


Bi 

. 12 


Ac 
. 11 


A* 

. 10 


A2 

. 9 . 


Ai 

8 




















'• 


r- 


B2 Bi Ac A* A2 

B* A-] 
Be Cn C^ 2 2 


- 




















1 


J 


2 




J 


4 


5 " 




5 " 


] 







B* Be Cn CfHT £ 2 GND 



positive logic: See truth table 



NOTES: 1. A = A*A„, B = B*-B„where A* = 



B* = B -B 



' A -A 
"C" " ~C " '^l '^2' 1 "2 

2. When A* or B* are used as inputs, A and A or B and B respectively must be connected to GNO. 

3. When A^ and A or B and B are used as inputs, A*or B* respectively must be open or used to perform Dot-OR logic. 



description 



This single-bit, high-speed, binary full adder with gated complementary inputs, complementary sum (2 and 2) outputs 
and inverted carry output is designed for medium- and high-speed, multiple-bit, parallel-add/serial-carry applications. 
The circuit (see schematic diagram) utilizes diode-transistor logic (DTL) for the gated inputs, and high-speed, high- 
fan-out transistor-transistor logic (TTL) for the sum and carry outputs. The circuit is entirely compatible with both 
DTL and TTL logic families. The implementation of a single-inversion, high-speed, Darlington-connected serial-carry 
circuit minimizes the necessity for extensive "look-ahead" and carry-cascading circuits. 



absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply Voltage Vqc (See Note 4) 7 V 

Input Voltage,Vin (See Notes4and 5) 5.5 V 

Operating Free-Air Temperature Range: SN5480 Circuits —55 Cto125°C 

SN7480 Circuits 0°C to 70°C 

Storage Temperature Range . —65 C to 150 C 



recommended operating conditions 



Supply Voltage Vcc: SN5480 Qrcuits . 

SN7480 Circuits . 

Normalized Fan-Out From Outputs: 

Cn^rjM 

Sorr.N 

A*orB*, N . 

NOTES: 4. The voltages are with respect to ground terminal. 

5. Input signals must be zero or positive with respect to network ground terminal. 



MIN 


NOM 


MAX 


UNIT 


4.5 


5 


5.5 


V 


4.75 


5 


5.25 


V 


5 




10 




3 


■ 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
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electrical characteristics over recommended operating temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONSt 


MIN TYPt MAX 


UNIT 


Vjnd) Logical 1 input voltage 


1 and 2 




2 


V 


Vin(O) Logical Input voltage 


1 and 2 




0.8 


V 


^outd) LoglcaM output voltage 


2 




2.4 3.5 


V 


Vout(O) Logical output voltage 


1 




0.22 0.4 


V 


Logical level input 
'in(O) currentat Ai,A2, Bi, 
B2, Ac or Be 


3 


Vcc = MAX, Vjn = 0.4 V 


-1.6 


mA 


Logical level input current 
''"<0' at A* or B* 


4 


Vce = MAX, Vin = 0.4 V 


-2.6 


mA 


Logical level input current 
'-<0' atC„ 


4 


Vcc = MAX, Vin = 0.4 V 


-8 


mA 


Logical 1 level input current 
'"'^' atAi,A2, Bi,B2,AcOrBc 


5 


Vcc = MAX, Vjn = 2.4 V 


15 


*iA 


Vcc = MAX, Vin = 5.5 V 


1 


mA 


Logical 1 level input current 
""'^» ate. 


6 


Vcc = MAX, Vjn = 2.4 V 


200 


mA 


Vcc = MAX, Vin = 5.5 V 


1 


mA 


Short-circuit output 
currentat 2 or 2 § 


7 


Vce = MAX 


SN5480 


-20 -57 


mA 


SN7480 


-18 -57 


mA 


Short-circuit output 

'OS X R 

current at Cp+l » 


7 


Vcc = MAX 


SN5480 


-20 -70 


mA 


SN7480 


-18 -70 


mA 


Ice Supply current 


8 


Vcc = MAX 


SN5480 


21 31 


mA 


SN7480 


21 35 


mA 



For conditions shown as MIN or MAX,use the appropriate value specified under recommended operating conditions for the applicable 
device type. 



I All typical values are at Vqc = 5 V, T^ = 25''C. 

8 Not more than one output should be shorted at a time. 

switching characteristics, Vqq = 5 V, T^ = 25° C 



PARAMETER I 


FROM 
INPUT 


TO 
OUTPUT 


FIGURES 
TEST NO. 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpdl 


Cn 


Cn+1 


1 


Cl=15pF, RL = 780n 


13 17 


ns 


tpdO 


2 


C^_= 15pF, R^^ = 780n 


8 12 


ns 


tpdl 


Be 


Cn+1 


3 


eL= 15pF, R^ =780n 


18 25 


ns 


tpdO 


4 


eL=15pF, Rj^ = 780n 


38 55 


ns 


tpdl 


Ac 


2 


5 


Cl=15pF, RL = 400n 


52 70 


ns 


tpdO 


6 


eL=15pF, RL = 400n 


62 80 


ns 


tpdl 


Be 


Y 


7 


Cl=15pF, Rj^ = 400n 


38 55 


ns 


tpdO 


8 


Cl=15pF, RL = 400n 


66 75 


rts 


tpdl 


Al 


A* 


9 


eL=15pF 


48 65 


ns 


tpdO 


10 


C^=l5p|i 


17 25 


ns 


tpdl 


Bl 


B* 


11 


Cl=15pF 


48 65 


ns 


tpdO 


12 


eL=15pF 


17 25 


ns 



" tpdl is propagation delay time to logical 1 level. tp^jQ is propagation delay time to logical level. 
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TYPICAL APPLICATIONS 
n-bit binary adder or subtracter (see figures A and B) 



The SN7480 is designed specifically for N-bit adder or 
subtracter operations without external gates or inverters. 
In both applications, the sum or difference functions are 
generated in parallel while the carry functions are ob- 
tained serially. When the number of stages is small, the 
add or subtract time determines the maximum system 
clock rate. However, as the number of bits increases, 
the time required for the carry function to ripple 
through each bit becomes the limiting factor. Normally 
the ripple time of adders built with standard integrated 
circuits is excessive, and the resulting system speed is 
so slow that other more complex methods are required 
to perform these functions. 

In the SN7480, two methods are used to reduce the 
carry delay. The carry circuit employs a high-speed 
Darlington output, and the logic gating has only one 
inversion between the Cn input and the Cn-n output. 
This logic configuration results in an inverted carry out- 
put, and consequently an inverted carry input to the 
succeeding stage. To counteract this inverted input with- 
out sacrificing propagation time through the carry, gates 
are provided within the circuit to invert the A and B 
inputs and the resulting sum or difference output. This 



interconnection method is illustrated by bit 2 and bit 
4 of the adder (Figure A). The inverted carry output 
is a true carry from bit 2 and bit 4, enabling the use 
of noninverted A and B inputs for the odd-numbered 
bits. 

When performing subtraction (Figure B) the Cn input 
to bit 1 is connected to a logical 1 arid input bits and 
input control functions for the subtrahend (memory or 
register B) are effectively inverted. 

The input control is used to disable the A and B inputs 
when memory or register information is being shifted. A 
logical applied to this line will bring each sum or 
difference output to a logical condition and maintain 
this level regardless of the state of the input informa- 
tion into each bit. For the adder (Figure A), input con- 
trol is applied to A2 and B2 of odd-numbered bits and 
to Ac and Be of even numbered bits. For the subtractor 
(Figure B), input control is applied to A2 and Be of the 
odd-numbered bits and to Ac and B2 of the even- 
numbered bits. These alternating patterns are necessary 
to complement the varying input sequence which 
they control. 







^ . 



g^ G3 



& 



NOTE: Functions noled as NC ore open. 

FIGURE A - N-BIT BINARY ADDER 




NOTE: Functions noted as NC are open. 

FIGURE B - N-BIT BINARY SUBTRACTOR 
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TYPICAL APPLICATIONS 
n-bit binary adder with register selection (see figure C) 



This applicatioriN fully utilizes the flexibility of the 
input gating available within the SN7480. Two "A" 
registers and two "B" registers drive a single adder for 
each bit required. Register selection is performed inter- 
nally for registers Ai and Bi, and externally by a type 
SN7405 TTL gate for registers A2 and B2. Dot-OR 
logic is performed at the A* and B* nodes within the 
the adder when the register selection is made. 

Operation is as follows: To add the contents of 
Register Ai to Register Bi, A2 and B2 control lines are 
brought to the logical state. In similar fashion, the 
contents of register A-| are added to register B2 by 
holding A2 and Bi control lines at a logical 0. Four 
register combinations may be used. Even-numbered input 
bits from each register must be inverted since the A* 
and B* inputs are being used to perform Dot-OR logic. 
This is not a configuration restriction for flip-flop type 
registers and memories, but may require additional logic 
elements if other storage configurations are used as 
inputs. 



The input control function is available as in the pre- 
vious application and is implemented by bringing all four 
register control lines and the input control line to a 
logical level. This condition ensures a logical Oat each 
2) output regardless of "A" and "B" register logic 
levels. 

Up to four "A" registers and four "B" registers 
may be implemented in a fashion analogous to that 
shown in Figure C. Inputs from the register-control 
gates (SN7405) of the additional registers would be 
Dot-OR connected with A2 and B2 registers at the 
A* and B* inputs. 

To perform N-bit subtraction, the Cpi input at bit 1 
is connected to a logical 1 and bit inputs from each 
register or memory used as a subtrahend must con- 
sist of the complement of bit inputs shown for 
the adder addend. Input control remains the same. 




INPUT CONTIOL^- 



SN7480 .« —I 



SN7480 A* „ 




NOTE: Functions noted os NC ore open. 

FIGURE C-N-BIT ADDER WITH REGISTER SELECTION 
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functional block diagram 



*2 



r>^T£>^ 



:div-^7£> 




~^D 






'n+1 



schematic 




Component values shown ore nominal. 
Resistor values are in ohms. 
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PARAMETER MEASUREMENT INFORMATION 



d-c test circuits^ 




TEST TABLE 



Output Undtr Test 


•.■,*(«!") 


5s:2 


UmA 


^ 


SmA 


A*orB* 


4.1 mA 



1. Eacli input or output is tesled uporolely. 

2. WhtD A^ is tcstid A, and A, are at GND. When 1^ is tested I, ond I, are at GND. 

3. When Aj ond A] or I, and Ij is tested, A'A' or I'A' respectively, is open. 

FIGURE 1 




TEST TABLE 



Output Under Test 


i,^ {!*>«) 


%«% 


-«0 /xA 


Cn + , 


-200 /tA 


A^ or 1*^ 


-120 /jA 



1 . Each input or output is tested seporalely. 

2. When A^ is tested A, ond Aj ore at GND. When rA- is tested I, and I, ore ot GND. 

3. Whon A, ond Aj or I, and (^ <>'> ttt\ei Ick or fk, respectively, is open. 

FIGURE 2 



fArmrs indicott actual direction of currtnt flow. 
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PARAMETER MEASUREMENT INFORMATION 



d-c test circuits! (continued) 





" 


:c 




OPEN _ 


A 
A 

*2 

»1 

•2 
B 

c 


A* 

z 
I 

»* 


, 


- 














SEE 




resT 




TAtLE 












-J 




J 



1. Eoch input ii tisM teparataly. 



1. Eack iRiwr is ttsM stparottly. 



r 



FIGURE 3 



cc 

? 






















■^n A- 






A 








• ^ I 




SEE 




*r 




TEST 




\ ^ 




TABLE 




;• "^ 








*2 


— 1 



















FIGURE 4 



TEST TABLE 



Apply Vj„ 


Apply 4.5 V 


END 


*1 


*2 


Nona 


*2 


*, 


Nona 


», 


»2 


Nona 


»2 


», 


Nona 


*e 


None 


A, ond Aj 


Be 


Nona 1, and (j | 



TEST TABLE 



Apply Vj„ 


Apply 4.S V 


GND 


A* 


Ac 


A, ond Aj 


1* 


Ic 


»1 •'"' »2 


Cn 


Nona 


Nona 



Unmad inputs ara opan. 



§Arr«ws indicota octuol direction of currant flow. 
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PARAMETER MEASUREMENT INFORMATION 
d-c test circuits § (continued) 







"2 
B_. 


Z 


SEE 




- 


TEST 







TABLE 




'"n+ 








-J 







:r 



1. Each input it testtd seporattly. 



T 



FIGURE 6 



TEST TABLE 





(ND 


A, 


*2 


*2 


*1 


». 


»2 


»2 


», 


Ac 


A* 


•c 


I* 



FIGURES 



(Se* test loble) OPEN 



1. Eocli oiilpvt is iHltd ftporaltly. 
TEST TABLE 



Oalprt Under Test 


Vj„ Volw 


2 


»CC 


S "C„+, 


GND 



FIGURE 7 



J 



FIGURE 8 



§ Arrows intficolt actiwl dirtclion of cvrrmt flow. 
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switching characteristics 



PARAMETER MEASUREMENT INFORMATION 




NOTES: 

1. Perform test in accordance with test table. 

2. Each output is tested separately. 

3. Voltage values are wjth respect to network GND terminal. 

4. The generator has the following characteristics: Vgen = 3 V, ti = tg <15 ns, 
tp = 0.5 ius, PRR = 1 MHz, and Zqu^ s^SO «. 

5. Inputs and outputs not otherwise specified are open. 



6. C|_ includes probe and jig capacitance. 

7. Load circuit 2 simulates output load of 5. 

8. All diodes are 1 N3064. 



TEST CIRCUIT 







TEST TABLE (See Note 5) 




TEST HO. 


OUTrUT 
UNDEK 
TEST 


APPLY 

IHPUT Y 

TO 


APPLY 

IHPUT Y 

TO 


APPLY 
+ 2.4 V TO 


APPLY 
GHDTO 


APPLY 
OUTPUT LOAOIHG TO 


1 


Cn+, 


None 


Cn 


Nont 


»i 


Cn+i (" = S) 


2 


Cn + , 


Horn 


c„ 


Hono 


». 


fn + i (N = 5) 


3 


Cn+, 


»c 


Hont 


Cn 


*„l, 


Cn + i (" = 5) 


4 


Cn+, 


•e 


Nont 


Cn 


*i. », 


Cn+, (1 = 5) 


S 


S 


*c 


^ 


tn 


*l.», 


2 (N = 10) 


2 (N = 10) 


fn^, {N = S) 


i 


2 


*e 


Hem 


Cn 


*..», 


2 <N = 10) 


2 (N = 10) 


Cn + , (" = 5) 


7 


2 


»c 


Hon* 


Cn 


»i 


2 (N = 10) 


S 


i 


»e 


Hon* 


Cn 


», 


2 (H = 10) 


» 


A* 


Nom 


*l 


*2 


Hon* 


A* (Cl = 15 pF) 


10 


*• 


Hont 


*i 


*2 


Nont 


A* (Cl = 15pF) 


11 


!• 


Norn 


•l 


h 


Nont 


1* (Cl = 1SpF) 


12 


I* 


Hon* 


», 


»2 


Nont 


!• {Cl = 1SpF) 




VOLTAGE WAVEFORMS 



FIGURE 9 - SWITCHING TIMES 
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• Digital Computer Systems 



logic 



A HIGH-SPEED TTL 2-BIT FULL ADDER 
FOR APPLICATION IN 

• Data-Handling Systems 



• Control Systems 



TRUTH TABLE 



INPUT 


OUTPUT 


^ 


^ 


\ 


«2 


WHENCq = 


WHEN C = I 


^1 


^2 


s 


h 


^2 


s 























1 








! 











1 











1 
















1 











1 





1 













1 





1 


1 










1 








1 





1 


1 





1 




1 





1 


1 











. 







1 





1 


1 













1 




1 











1 


1 




















1 





1 


1 





1 









1 


1 























1 


1 













1 

















1 












1 












1 







I 




1 




1 










1 









1 




1 










1 




1 




1 







1 


1 


1 


1 1 



description . , ,. 

Thi» full odder performi the addition of two 2-bit binary numben. 
The sum (2) outputs are provided for each bit ond the resultant corry {C2) 
is obtained from the second bit. Designed for medium-to-high -speed, 
multiple-bit, parallel-add/serial-carry applications, the circuit utilizes 
high-speed, high-fon-out transistor-transistor logic (TTL) but is compatible 
with both DTL and TTL logic fomilies. The implementation of a single- 
inversion, high-speed, Darlington-connected seriol-carry circuit within 
each bit minimizes the necessity for extensive "look-ahead" and carry- 
cascading circuits. The power dissipation level has been maintained 
considerably below that attoinable with equivalent standard integrated 
circuits connected to perform full-adder functions. 



W 



FLAT PACKAGE (TOP VIEW) 



f, B ■'■■ Y" GND CT NC NC 

® ® ® ® ® ® ® 




® ® ® ® ® ® ® 



cc 



positive lojjic: see truth table 



JORN 
DUAL-IN-LINE PACKAGE {TOP VIEW) 




NC-No Internal Connection 
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absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply Voltage Vqc (See Note 1 ) y^ 

Input Voltage,Vin (See Notes 1 and 2) 5 5 V 

Operating Free-Air Temperature Range: SN5482 Circuits -55°Cto125°C 

SN7482 Circuits 0°C to 70°C 

Storage Temperature Range — 65°Cto150°C 

NOTES: 1 . These voltage values are with respect to network ground terminal. 

2. Input signals must be zero or positive w/lth respect to network ground terminal. 

recommencted operating conditions 



Supply Voltage Vqc (See Note 1 ): SN5482 Circ 

SN7482 Circ 


juits 






MIN NOM 


MAX 


UNIT 


:uits . . . 






4.5 5 


5.5 


V 


4 75 5 


5.25 


V 










C2 


5 




Si or 22 


in 




ctrical characteristics over recommended temperature range (unless otherwise noted) 




PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS* 




MIN TYPt 


MAX 


UNIT 


Input voltage required to ensure 
logical 1 at any input terminal 


1 and 2 




2 


V 


Input voltage required to ensure 
logical at any input terminal 


1 and 2 








0.8 


V 


Vout<1) Logical 1 output voltage 


2 




2.4 


V 


Vout(O) Logical output voltage 


1 




0.4 


V 


'Logical level input current 
''"<°> atAi,Bi,orCg 


3 


Vcc = MAX, 


Vin = 0.4V 




-6.4 


mA 


Logical level input current 
''"<°' atA2orB2 


3 


Vcc = MAX, 


Vjn = 0.4V 




-1.6 


mA 


Logical 1 level input current 
""^1' atAi.B,,orC^ 


3 


Vcc = MAX, 


Vin = 2.4 V 




160 


mA 


Vcc = MAX, 


Vin = 5.5 V 




1 


mA 


. Logical 1 level input current 
•nd) atA2 0rB2 


3 


Vcc = "^AX, 


V,^ = 2.4V 




40 


mA 


iVg^ = MAX, 


V;^ = 5.5V 




1 


mA 


Short-circuit output current 
°S atSiorSj^ 


4 


Vcc = MAX 


SN5482 


-20 


-55 


mA 


SN7482 


-18 


-55 


mA 


Short-circuit output current 
'°S atC2§ 


4 


Vcc = MAX 


SIM 5482 


-20 


-70 


mA 


SN7482 


-18 


-70 


mA 


•CC Supply Current 


3 


Vcc = MAX 


SN5482 


35 


50 


mA 






SN7482 


35 


58 


mA 



For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

device type, 
t Ail typical values are at Vgc = 5 V, T = 25°C. 
8 Not more than one output should be shorted at a time. 
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switching characteristics. Vqc = 5 V, T^ = 25° C (unless otherwise noted N = 10) 



PARAMETER § 


FROM 
(INPUT) 


TO 
(OUTPUT) 


FIGURES 
TEST NO. 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Vdl 


Co 


^1 


1 


CL=15pF,RL = 400n 


34 


ns 


VdO 


2 


CL=15pF,RL = 400n 


40 


ns 


Vdl 


^2 


^2 


3 


CL=15pF,RL = 400n 


40 


ns 


W 


4 


CL=15pF,RL = 400n 


35 


ns 


Vdl 


^0 


^2 


5 


CL=15pF,RL = 400n 


38 


ns 


*pdO 


6 


Cl= 15pF,RL = 400n 


42 


ns 


*pd1 


^0 


^2 


7 


Cl= 15pF, Rl= 780n 


12 19 


ns 


w 


8 


Cl=15pF, RL = 780n 


17 27 


ns 



§tpcii is propagation delay time to logical 1 level, tpdo is propagation delay time to Ibglcal level. 

schematic 




Component values shown are nominal. 
Resistor values are in ohms. 
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PARAMETER MEASUREMENT INFORMATION 



d-c test circuits''' 



cc 



TEST 
PER 
TRUTH 
TABLE 
AND 
TEST 
TABLE 



S. sink 



T" 



1. Eoch input or output is tested separately. 



v' (P 

out(0) 

1.. 



FIGURE 1 



CC 



TEST 
PER 
TRUTH 
TABLE 
AND 
TEST 
TABLE 



1. Each input or output is tested separately. 



TArrows indicate actual direction of current flow. 



load 



f^ 



C) 



out(l) 



11 



FIGURE 2 



TEST TABLE 



OUTPUT UNDER TEST 


Sink 


^1-^2 


16 mA 


S 


8 mA 



TEST TABLE 



OUTPUT UNDER TEST 


'load 


2,or22 


— 400pA 


S 


-200 jiA 
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PARAMETER MEASUREMENT INFORMATION 



d-c test circuits'!' (continued) 



4.5 V 



h 



in(l) 



in(0) 

r 

1 L 



SEE 

TEST 

TABLES 



CC 



Ji 



I. ,^ TEST TABLE 
in(0) 



CC 



A ^ 



T" 



>OPEN 



1. Each input is tested separately. 

2. When testing IcC "VP'y 4.5 V to Ai , A2, and 
Cg ; and ground B] and B2. 



FIGURE 3 



4.5 V 



1. Each output is tested separately. 



FIGURE 4 



tArrows indicate actual direction of current flow. 




I. ,,, TEST TABLE 
in(l) 



APPLY V. 
in 

TEST 1. 
in 


APPLY 4.5 V 


s 


A, and B. 


^1 


C and B 

d ' 


•»! 


C and A, 
1 


^ 


None 


^2 


None 



APPLY V. 
in 

TEST ";„ 


GND 


S 


A. and B 


^ 


C^andB, 


^ 


Cj^andA, 


^ 


None 


'2 


None 
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PARAMETER MEASUREMENT INFORMATION 



switching characteristics 




LOAD CIRCUIT 3 
I SAME AS LOAD CIRCUIT 1 
1 EXCEPT R= 780 Q 



TEST CIRCUIT 



in(l) 



in(0) 




OUTPUT 
WAVEFORM B 



ouKl) 



out(0) 



out(1) 



out(0) 



VOLTAGE WAVEFORMS 



NOTES: 1. The generator has the following characteristics: V. ... >2.4V V. ,„, < 0.4 V, t = 8 to 15 ns, t = 3 to 5 
PRR=lMHz, t = 200ns, and Zout" son. '"^^' 



in(0) 



2. Perform test in accordance with test'table. 

3. Each output is tested separately. 

4. Voltoge values are with respect to network ground terminal. 

5. C . includes probe and jig capacitance. 

6. All diodes are 1N3064. FIGURE 5-SWITCHING TIMES 
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PARAMETER MEASUREMENT INFORMATION 



switching characteristics (continued) 









WITCHING TIMES TEST TABLE (SEE NOTE 7) 








TEST 
NO. 


PARAMETER 


APPLY PULSE 
GENERATOR 
OUTPUT TO 


OUTPUT 
UNDER 
TEST (S4) 


APPLY 
2.4 V TO 


APPLY 
GNDTO 


SI 


S2 


S3 


1 


W' 


S 


(WAVEFORM A) 


^1 


A2,B,,B2 


CLOSED 


OPEN 


OPEN 


2 


'pdO 


3 


'Nl 


«2 


(WAVEFORM B) 


None 


A,,B,,A2 
ondC^ 


OPEN 


CLOSED 


OPEN 


4 


> 


5 


*pdl 


S 


^2 
(WAVEFORM A) 


A,,A2 


B,,B2 


OPEN 


CLOSED 


CLOSED 


6 


> 


7 


> 


S 


(WAVEFORM B) 


A,,A2 


B,,B2 


OPEN 


OPEN 


CLOSED 


8 


> 



NOTE 7: Inpuh and oufpots not otherwise specified are open. 
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CIRCUIT TYPES SN5483, SN7483 
4-BIT BINARY FULL ADDERS 



HIGH-SPEED TTL 4-BIT FULL ADDERS 
FOR APPLICATION IN 
• Digital Computer Systems • Data-Handling Systems • Control Systems 



logic 



INPUT 


OUTPUT 








WHEN ^ 

" ^X^WHEN 
>^ C2-O 


WHEN 
^0 = ^ 


WHEN 
C2-I 


AW 
/a3 


By 

/b3 


/a4 


B2 / 
/b4 


1 


^2/ 


7 

/C4 


7 

/23 


X 


y 

/C4 























1 








1 











1 











1 








1 








1 











1 





1 


1 
















1 


1 











1 





d 







1 


1 





1 





1 





1 


















1 


1 





1 















1 


1 


1 










1 


1 


























1 


1 




1 










1 


















1 







1 















1 


1 













1 


1 











1 










1 


1 







1 





1 




1 





1 





1 




_0 


1 


1 




1 





1 





1 




1 


1 


1 







1 1 ! 


1 


1 





NOTE 1: Input conditions at A-,, A2, B-j, 82, and Cq are used 

to determine outputs 2-| and S2, and the value of 

the Internal carry C2. The values at C2, A3, B3, 

A4, and B4, are then used to determine outputs £3, S4, 

and C4. 



description 



This full adder performs the addition of two 4-bit 
binary numbers. The sum (2) outputs are provided 
for each bit and the resultant carry (C4) is obtained 
from the fourth bit. Designed for medium-to-high- 
speed, multiple-bit. parallel-add/serial-carry applica- 
tions, the circuit utilizes high-speed, high-fan-out 
transistor-transistor logic (TTL) but is compatible 
with both DTL and TTL families. The implementa- 
tion of a single-inversion, high-speed. Darlington- 
connected serial-carry circuit within each bit mini- 
mizes the necessity for extensive "look-ahead" and 
carry-cascading circuits. The power dissipation level 
has been maintained considerably below that attain- 
able with equivalent standard integrated circuits 
connected to perform four-bit full-adder functions. 



J OR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW)+ 




tPin assignments for these circuits are the same for all 
packages. 
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absolute maximum ratings over operating temperature range (unless otherwise noted) 



7 V 
5.5 V 



Supply Voltage Vcc (See Note 1 ) 

Input Voltage.Vjn (See Notes 1 and 2) ' " ' ' " o 

Operating Free-Air Temperature Range: SN5483 Circuits ~^^^n°^ln°^ 

SN7483 Circuits C to 70 O 

^ „ -65 C to 150 C 

Storage Temperature Range 



NOTES: 1 . These voltage values are with respect to network ground terminal. 

2. Input signals must be zero or positive with respect to network ground terminal. 

recommended operating conditions 



Supply Voltage Vcc^ (See Note 1 ) SN5483 Circuits 

SN7483 Circuits 
Normalized Fan-Out From Outputs: 

C4 

21,22,23 or 24 . . . . . . . . ■ ■ ■ 



MIN NOM MAX 


UNIT 


4.5 5 5.5 


V 


4.75 5 5.25 


V 


5 




10 





trical characteristics over recommended operating temperature range (unless otherwise noted) 




PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS* 


MIN TYPt MAX 


JNIT 


Vin<1> 

Vin(O) 

Voutd) 
Vout(O) 


Input voltage required to ensure 
logical 1 at any input terminal 


1and2 




2 


V 


Input voltage required to ensure 
logical at any input terminal 


1 and 2 




0.8 


V 


Logical 1 output voltage 
Logical output voltage 


2 




2.4 


V 


1 




0.4 


V 


>in(0) 


Logical level input current at 
Ai, A3, 81,83, or Cq 


3 


Vcc = MAX, 


Vin = 0.4 V 


-6.4 


mA 


<in(0) 


Logical level input current at 
A2, A4, 82, or 84 


3 


Vcc = MAX, 


V-m = 0.4 V 


-1.6 


mA 


'ind) 


Logical 1 level input current at 
Ai,A3,Bi,83,orCQ 


3 


Vcc " MAX, 


Vin = 2.4 V 


160 


mA 


Vcc = MAX, 


Vin = 5.5 V 


1 


mA 


'in(l) 


Logical 1 level input current at 
A2, A4, 82, or 84 


3 


Vcc = MAX, 


Vin = 2.4 V 


40 


mA 


Vcc = MAX, 


Vin = 5.5 V 


1 


mA 
mA 


•os 

lOS 


Short-circuit output current at 
Sl,S2'S3.o"'24§ 


4 


Vcc = MAX 


SN5483 


-20 -55 


SN7483 


-18 -55 


mA 


Short-circuit output current at 
C4§ 


4 


Vcc = MAX 


SN5483 


-20 -70 


mA 


SN7483 


-18 -70 


mA 


Ice 


Supply Current 


3 


Vcc = MAX, 


SN5483 


78 110 


mA 


SN7483 


78 128 


mA 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating condition, for the 

applicable device type, 
f All typical values are at Vqc = 5 V, T;^ = 25°C. 
§ Not more than one output should be shorted at a time. 
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switching characteristics, Vgg = 5 V, T^ = 25°C (unless otherwise noted N = 10) 



PARAMETER! 


FROM 
(INPUT) 


TO 
(OUTPUT) 


FIGURES 
TEST NO. 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Vdl 


S 


1 


1 


Cl = 15pF, RL = 400n 


34 


ns 


VdO 


2 


C^=15pF. Rj^ = 400n 


40 


ns 


^Pdl 


% 


2 


3 


0^= 15 pF, RL = 400n 


38 


ns 


VdO 


4 


Cl = 15pF, R^ = 400n 


42 


ns 


Vdl 


S 


3 


5 


C^^=15pF, R|^ = 400I2 


50 


ns 


VdO 


6 


Cl=15pF, R^^ = 400n 


60 


ns 


*pd1 


^0 


4 


7 


C^^= 15pF,Rj^ = 400n 


55 


ns 


VdO 


8 


C^_= 15pF, R|_ = 400n 


55 


ns 


Vdl 


^0 


^4 


9 


Cl=15pF, R|^ = 780n 


35 48 


ns 


*pdO 


10 


0^= 15pF, R|^ = 780n 


22 32 


ns 


*pd1 


Aj or Bj 


2 


11 and 13 


Cl=15pF, RL = 400n 


40 


ns 


w 


12 and 14 


C^^=15pF, Rj^ = 400« 


35 


ns 


Vdi 


A^orB^ 


4 


15 and 17 


Cl= 15pF, RL = 400n 


40 


ns 


w 


16 and 18 


Cl = 15pF, RL=400n 


35 


ns 












' — — . — L 





tpdi is propagation delay time to logical 1 level, tp^o is propagation delay time to logical level. 
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schematic 




i ©GND 



Component values shown are nominal. 
Resistor values are in ohms. 
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PARAMETER MEASUREMENT INFORMATION 



d-c test circuitst 



cc 



V. o- 



TEST 
PER 
TRUTH 
TABLE 
AND 
TEST 
TABLE 




1. Each inpof or output is tested separately. 



CC 



TEST 
PER 
TRUTH 
TABLE 
AND 
TEST 
TABLE 



^0 
B4 



1. Each input or output is tested separately. 



tA, 



1? 

out(0) 

1.. 



FIGURE 1 




load 



out(l) 
FIGURE 2 



TEST TABLE 



OUTPUT UNDER TEST 


sink 


^1 ' ^2'^3'°'^^4 


16 mA 


S 


8 mA 



TEST TABLE 



OUTPUT UNDER TEST 


'load 


^l'^'^3'°^ ^ 


-400^A 


^4 


-200^A 



rrows indicate actual direction of current flow. 
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PARAMETER MEASUREMENT INFORMATION 



d-c test circuitst (continued) 



cc 



4.5 V 



b 



in(l) 



V. 



in (0) 



n 







''I'cc 


-, 1 


r 




^ 









"l 


^— 






Ai 










B 


ij 




SEE 
TEST 




4 

B2 


S3 





TABLES 




^3 


^4 








B, 








A , 






_ 




4 
B4 


S 


J 






± 





>OPEN 



1. Each input is tested separately. 

2. When testing IcC opp'/ 4-5 V to A^, A2, A3, 
A4, am) Cq ; and ground i\ , B2, B3 and B4. 



4.5V 



I. „. TEST TABLE 
in(0) 



I. ,,, TEST TABLE 
in(l) 



FIGURE 3 




1 Each output is tested separately . 

FIGURE 4 



'OS 



APPLY V. 
in 

TEST 1. 
in 


APPLY 4.5 V 


APPLY V. 
in 

TEST !. 
in 


GND 


s 


A and B 


C 




A and B 


^1 


C and B, 
1 


^ 


Co ""-^ »1 


^ 


C and A, 
1 


«1 


C and A 
' 


\ 


None 


^ 


None 


«2 


None 


h 


None 


^ 


Aj^Bj, ond B3 


^ 


Aj, Bj, and B^ 


h 


\'h' °"'^ ^ 


h 


Aj, Bj, and A3 


N 


None 


^ 


None 


\ 


None 


^4 


None 



tArrows indicate actual direction of current flow. 
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PARAMETER MEASUREMENT INFORMATION 



switching characteristics 



!.4V 



PULSE 
GENERATOR 
(SEE NOTE 1) I ^50 







(1 


- 




*1 _ 






B,' ^2 


SEE 




A2 


TEST 




B2. ^3 


TABLE 




B3 ^* 

^* C 
B4 "^4 






J. 




'cc 



:4oon 



IlSpF 




- LOAD CIRCUIT 1 j 



LOAD CIRCUITS 2, 3, 4 
SAME AS LOAD CIRCUIT 1 



LOAD CIRCUIT 5 
SAME AS LOAD CIRCUIT 1 
|EXCEPTR|_=780n 



TEST CIRCUIT 




OUTPUT 
WAVEFORM A 



OUTPUT 
WAVEFORM B 




VOLTAGE WAVEFORMS 



L . • r- \/ < A\/ v «0 4 V t, =8to 15 nj, to = 3 toSns, PRR=lMHz, 
NOTES: 1. Pulse generator output pulse characteristics: V.^^,j< 2.4 V, Vi„(Q)SU.4V,T, o lo ^ ,0 



t = 200 ns, and Zoot** 50 Q. 

2. Perform test in accordance with test table. (See sheet 2 of this figure.) 

3. Each output is tested separately. 

4. Voltage values are with respect to network ground terminal . 

5. C , includes probe and jig capacitance. 

6. All diodes are 1 N3064 

FIGURE 5-SWITCHING TIMES (SHEET 1 OF 2) 
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PARAMETER MEASUREMENT INFORMATION 
switching characteristics (continued) 













TEST TABLE (SEE NOTE 7) 












TEST 
NO. 


PARA- 
METER 


APPLY PULSE 
GENERATOR 
OUTPUT TO 


OUTPUT 
UNDER 
TEST (S6) 


APPLY 
2.4 V TO 


APPLY 
GNDTO 


SI 


S2 


S3 


S4 


S5 




1 


^Pdl 




(WAVEFORM A) 


^ 


ondBj 


CLOSED 


OPEN 


OPEN 


OPEN 


OPEN 




2 


> 


^0 




3 


^pd, 


S 


^2 

(WAVEFORM A) 


A,«ndA2 


B,ondB2 


OPEN 


CLOSED 


OPEN 


OPEN 


OPEN 




4 


u 




5 


> 


^ 


(WAVEFORM A) 


A,,A2, 
and A. 


andBg 


OPEN 


OPEN 


CLOSED 


OPEN 


OPEN 




6 


> 




7 


'pdl 


S 


(WAVEFORM A) 


A,, A^, 
A3, and A^ 


B,, B^, 
B3,andB^ 


OPEN 


OPEN 


OPEN 


CLOSED 


CLOSED 




8 


*pdO 




9 


*pd. 


S 


<^4 
(WAVEFORM B) 


A,,A^, 
A3, and A^ 


B3,andB^ 


OPEN 


OPEN 


OPEN 


OPEN 


CLOSED 




10 


> 




11 


'Pdl 


^ 


2 

(WAVEFORM B) 


None 


A,, B,, 


OPEN 


CLOSED 


OPEN 


OPEN 


OPEN 




12 


^P* 




13 


'p<i^ 


«2 


2 

(WAVEFORM B) 


None 


A,, B,, 


OPEN 


CLOSED 


OPEN 


OPEN 


OPEN 




14 


^pdO 




15 


^Pdi 


^ 


4 
(WAVEFORM B) 


None 


^' «3' 
ondB^ 


OPEN 


OPEN 


OPEN 


CLOSED 


OPEN 




16 


^pdO 




17 


U 


"4 


2 

4 


and A. 


OPEN 

_ 


OPEN 


OPEN 


CLOSED 


OPEN 




18 


U 


(WAVEFORM B) 


None 



NOTE 7: Inputs end outputs not otherwise specified are open. 
_____^ FIGURES- SWITCHING TIMES (SHEET 2 of 2) 
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LOW-POWER SCHOTTKY 
TTL MSI 



CIRCUIT TYPES SN54LS83, SN74LS8: 
4-BIT BINARY FULL ADDERl 



HIGH-SPEED TTL 4-BIT FULL ADDERS 



Schottky-Diode-Clamped Transistors • 



Low Power Dissipation 75 mW Typical 



Digital Computer Systems 



FOR APPLICATION IN 
• Data-Handling Systems 



Control Systems 



C0( 

c: 



description 



JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



The SN54LS83 and SN74LS83 low-power Schottky 
TTL circuits are implemented with full Schottky- 
barrier-diode clamping to achieve speeds comparable 
to Standard Series 54/74 at one-fifth of the power. 
They retain the desirable features of, and are com- 
pletely compatible with, most of the popular 
saturated logic circuits. Schottky TTL circuits 
currently offer the best speed-power products of any 
high-speed logic family. 

Schottky-barrier-diode clamping prevents transistors 
from achieving classic saturation and thereby effec- 
tively eliminates excess charge storage and subsequent 
recovery times. These recovery times contribute 
significantly to overall propagation delays experi- 
enced with saturated digital-logic circuits. 

These full adders perform the addition of two 4-bit 
binary numbers. The sum (S) outputs are provided 
for each bit and the resultant carry (C4) is obtained 
from the fourth bit. Designed for medium-to-high- 
speed, the circuit utilizes high-speed, high-fan-out 
transistor-transistor logic (TTL) but is compatible 
with both DTL and TTL families. The implementa- 
tion of a single-inversion, high-speed, Darlington- 
connected serial-carry circuit within each bit 
minimizes the necessity for extensive "look-ahead" 
and carry-cascading circuits. The power dissipation 
level is an order of magnitude below that attainable 
with standard integrated circuits connected to 
perform four-bit full-adder functions. 

The SN54LS83 and SN74LS83 are completely 
compatible with the Series 54/74, Series 54H/74H, 
Series 54L/74L, and Series 54S/74S logic families. 
The SN54LS83 is characterized for operation over 
the full military temperature range of -55 C to 
125°C; the SN74LS83 is characterized for operation 
fromO°Cto70°C. 





B4 


24 


04 


cc 




GND 


B1 


A1 


21 






16 


15 


14 . 


13 . 


12 . 


11 . 


10 _ 


9 


=^ 


» 
















- 


24 04 CO B1 A1 
B4 21 

A4 A2 
23 A3 B3 £2 B2 






















1 


2 


" 3 


" 4 


" 5 


' 6 


" 7 ■ 


8 





A4 23 A3 B3 VcC ^2 B2 A2 



positive logic: See truth table 




P Type Substrate 



Schottky Diode 

Guard Ring 



■fXhe integrated Schottky-barrier-diode-clamped 
transistor is patented by Texas Instruments. 
U.S. patent number 3,463,975. 
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functional block diagram 




L±0-&i "ETERNAL 
LZf^^__p-^ CARRY C2 










TRUTH TABLE 








INPUT 


OUTPUT 










WHEN y 


WHEN 


y^ 










00= \. y^ 


CO = H / 


^ 










/''^ WHEN 


y^ WHEN 










y^ C2=L 


y^ C2=H 


A1/ 


B1 / 


IK2/ 


82 / 


£1 / 


•Z2/ 


02/ 


z^/ 


22/' 


02/ 


/A3 


/B3 


/m 


/ 84 


/zz 


/ 24 


/C4 


/ £3 


/24 


/C4 


L 


L 


L 


L 


L 


L 


L 


H 


L 


L 


H 


L 


L 


L 


H 


L 


L 


L 


H 


L 


L 


H 


L 


L 


H 


L 


L 


L 


H 


L 


H 


H 


L 


L 


L 


H 


L 


H 


H 


L 


L 


L 


H 


L 


L 


H 


L 


H 


H 


L 


H 


L 


H 


L 


H 


H 


L 


L 


L 


H 


L 


H 


H 


L 


H 


H 


L 


L 


L 


H 


H 


H 


H 


L 


L 


L 


H 


H 


L 


H 


L 


L 


L 


H 


L 


H 


L 


H 


H 


L 


H 


L 


L 


H 


H 


H 


L 


L 


L 


H 


L 


H 


L 


H 


H 


H 


L 


L 


L 


H 


H 


H 


L 


H 


L 


L 


H 


H 


L 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


H 


H 


L 


H 


H 


H 


L 


H 


L 


H 


H 


L 


H 


H 


H 


H 


L 


H 


L 


H 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


H 



NOTE 1: Input conditions at A1, A2, B2, and CO are used to 
determine outputs 21 and 22 and the value of the 
internal carry C2. The values at C2, A3, B3, A4, and B4, 
are then used to determine outputs 23, 24, and C4. 



7 V 
5.5 V 
5.5 V 



absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) 

Input voltage (see Note 1) 

Interemitter voltage (see Note 2) 

Operating free-air temperature range: SN54LS83 Circuits ^ ' -55°Cto125°C 

SN74LS83 Circuits " 0°Cto70°C 

Storage temperature range avPn* icn°o 

— bb L to 150 C 

NOTES: 1. Voltage values are with respect to netw/ork ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter input transistor. 

recommended operating conditions 



Supply voltage, Vcc 



High-level output current, Iqh 



Low-level output current, Iql 



Operating free-air temperature, T^ 



SN54LS83 



MIN NOM MAX 



4.5 



5.5 



-200 



-55 



125 



SN74LS83 



MIN NOM MAX 



4.75 



5.25 



-200 



70 



UNIT 



mA 



mA 
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ViH High-level input voltage 
__._ LQyy.|evel input voltage^^ 
~V^ Input clannp voltage 



Vqh High-level output voltage 



Vol Low/-level output voltage 



TEST 
FIGURE 



1 and 2 
Tand2 



TEST CONDiTlONSt 



\/QQ = mN, li = -18mA 



V|L = 0.9 V, IQH = -200 nA 



electrical characteristics over recommended^perati^ 

PARAMETER 



MIN TYP+ MAX 



0.9 



-1.2 



2.4 



|| Input current at maximum i nput voltage 

l|H High-level input current 



AI, A3. B1,B3, orCO 



||l_ Low-level input current 



A2, A4, B2, orB4 



AI, A3, B1,B3, orCO 



A2, A4, B2, or B4 



Iqs Short-circuit output currents 
IqC Supply current 



1 



Vcc = MIN, V|H = 2V, 
V|L= 0.9 V, loL = 4mA 



Vcc = M AX, V| = 5.5V 
VcC = I^AX, Vj =2.4V 



Vcc = I^A^' '^l " °-^ ^ 



Vcc = ^AX 



0.5 



UNIT 



160 



40 



-1.44 



-0.36 



-40 



Vcc = ^^^ 



SN 54LS83 
'SN74LS83 



15 



22 



mA 



mA 



mA 



15 



26 



mA 



t ... condi^^s ^h^^lMIN or MAX, use the appropriate va.ue specitie. under recommenaea operating conditions .or the appHca..e de.ce 

type. 
tAll typical values are at Vqc = 5 V, T^ = 25 C. 
§ Not more than one output should be shorted at a time, 

switching characteristics, Vcc = 5 V, Ta = 25°C (unless otherwise noted N = 10) 




T CONDITIONS 


MIN TYP MAX 


UNIT 




31 


ns 




38 


ns 




49 


ns 




45 


ns 




53 


ns 




66 


ns 


CL = 50pF, 


70 


ns 


RL = 2kn 


69 


ns 




50 


ns 




50 


ns 




35 


ns 




30 


ns 




35 


ns 




30 


1 - 



f tpLH - Propagation delay time, low-to-high-level output 
tpHL = Propagation delay time, high-to-low-level output. 
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schematic 




'^. . . Vcc bus 
Resistor values are nominal in ohms. 
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PARAMETER MEASUREMENT INFORMATION 



d-c test circuits^ 



V|H 



V|L 











TEST 




PER 




TRUTH 
TABLE 















vcc 

JL 



CO 


^^ 


A1 




B1 


22 


A2 




B2 


23 


A3 




B3 


Z4 


A4 




B4 


C4 




V|H 



-T 

Each input or output is tested separately. 
FIGURE 1-V|H,V|L, Vol 



V|L 











TEST 




PER 




TRUTH 
TABLE 
















Each input or output is tested separately. 
FIGURE 2-V|H, V|l, Vqh 



Lr 



l|H 



1|L 



•I 

fr 



SEE 

TEST 

TABLES 



1 



vcc 

J. 



V|, I iL TEST TABLE 



S OPEN 



APPLY 1 1, TEST V| 

OR 
APPLY V|, TEST I|l 


APPLY 4.5 V 


CO 


Al andBI 


Al 


COandB! 


Bl 


CO and A 1 


A2 


None 


B2 


None 


A3 


A2, B2, and B3 


B3 


A2, B2, and A3 


A4 


None 


B4 


None 



'IH 



TEST TABLE 



APPLY V| 
TEST l,H 


GND 


CO 


Al andBI 


Al 


CO and B 1 


Bl 


CO and A 1 


A2 


None 


B2 


None 


A3 


A2, B2, and B3 


83 


A2, B2, and A3 


A4 


None 


B4 


None 



Each input is tested separately. 



FIGURE 3-V|, l|L, 'iH 



4.5 V 
O 



Vcc 



/ 



|IC»S 



cp 


? Ice 
▼ 


( 
1 




CO i:i 

Al 

Bl 22 

A2 

82 23 
A3 

83 24 
A4 

84 04 









S OPEN 



Each output is tested separately. 
FIGURE 4-los 



FIGURE 5-lcc 



t Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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switching characteristics 



PARAMETER MEASUREMENT INFORMATION 



PULSE 
GENERATOR 
(SEE NOTE 1) 



2.4 V 
Q 



SEE 

TEST 

TABLE 

ON 

FOLLOWING 

PAGE 



Vcc = 5 V 
O 



CO 


n 


A1 




B1 


Z2 


A2 




82 


S3 


A3 




B3 


24 



J>« — OS 



22 24 

Q 23 O 





\ 



vcc 

? 



Rl ^ 2 kfi 

W i W W M 



, Ci. = 50pF 



I LUAB CIRCUIT 1 j 



LOAD CIRCUITS 2, 3, 4, 5 
SAME AS LOAD CIRCUIT 1 



TEST CIRCUIT 



INPUT 



OUTPUT 
WAVEFORM A 



OUTPUT 
WAVEFORM B 




tPHL 



Vol 



VOLTAGE WAVEFORMS 



NOTES 1. The pulse generator has the following characteristics: PRR < 1 MHz, Zqu^ » 50 f2. 

2. Perform test in accordance with test table. (See sheet 2 of this figure.) 

3. Each output is tested separately. 

4. Voltage values are with respect to network ground terminal. 

5. Cl includes probe and jig capacitance. 

6. All diodes are 1IM3064. 



FIGURE 6-SWITCHING TIMES (SHEET 1 OF 2) 
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PARAMETER MEASUREMENT INFORMATION 
switching characteristics (continued) 



TEST TABLE (SEE NOTE 7) 



TEST 
NO. 


PARAMETER 


INPUT 

UNDER 

TEST 


OUTPUT 

UNDER 

TEST (S6) 


APPLY 
2.4 V TO 


APPLY 
GNDTO 


SI 


S2 


S3 


S4 


S5 


1 


tpLH 


CO 


21 
(Waveform A) 


A1 


B1, A2, andB2 


Closed 


Open 


Open 


Open 


Open 


2 


tPHL 


3 


tPLH 


CO 


S2 
(Waveform A) 


A1 andA2 


B1 andB2 


Open 


Closed 


Open 


Open 


Open 


4 


tPHL 


5 


tPLH 


CO 


23 
(Waveform A) 


A1, A2, and A3 


B1,B2, andB3 


Open 


Open 


Closed 


Open 


Open 


6 


tPHL 


7 


tPLH 


CO 


24 
(Waveform A) 


A1, A2, A3, andA4 


B1,B2, B3, andB4 


Open 


Open 


Open 


Closed 


Closed 


8 


tPHL 


9 


tPLH 


CO 


C4 
(Waveform B) 


A1, A2, A3, and A4 


B1,B2, B3, andB4 


Open 


Open 


Open 


Open 


Closed 


10 


tPHL 


11 


tPLH 


A2 


22 
(Waveform B) 


None 


A1,B1,B2, andCO 


Open 


Closed 


Open 


Open 


Open 


12 


tPHL 


13 


tPLH 


B2 


22 
(Waveform B) 


None 


A1,B1,A2, andCO 


Open 


Closed 


Open 


Open 


Open 


14 


tpHL 


15 


tpLH 


A4 


24 
(Waveform B) 


None 


A3, B3, and B4 


Open 


Open 


Open 


Closed 


Open 


16 


tPHL 


17 


tpLH 


B4 


24 
(Waveform B) 


None 


A3, B3, and A4 


Open 


Open 


Open 


Closed 


Open 


18 


tPHL 



NOTE 7: Inputs and outputs are open unless otherwise specified. 

FIGURE 5-SWITCHING TIMES (SHEET 2 OF 2) 



PRINTED IN U.S.A. 

Tl eannol assume ony nsponsibilily for any circuils shown 

or ripreseni thai they ore free from potent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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J OR N DUAL-IN-LINE OR 
W FLAT PACKAGE (TOP VIEW) + 



C^ 







vcc 


DATA INPUTS 




n 




/ A3 B2 A2 A1 B1 AO BO 


^ 1 




_ 


16 


_ 15 . 


. 14 


. 13 


. 12 


. 11 


. 10 _ 


9 




























A3 B2 A2 A1 B1 AO 

B3 BO 

A<B A = B A>BA>B A = B A<B 
IN IN IN OUT OUT OUT 
























1 


2 " 


3 ■ 


4 


5 " 


6 ■ 


7 ~ 


8 




^B3 A< B A = B A> B,. A > B 


A = E A < B . 


GND 


1 


^^P^T^ CASCADING INPUTS OUTPUTS 






positive logic: See truth table 





■fpin assignments for these circuits are the same for all packages. 



description 



The SN5485 and SN7485 perform magnitude comparison of straight binary and straight BCD (8421) codes. Three 
fully decoded decisions about two 4-bit words (A, B) are made and are externally available at three outputs. These 
devices are fully expandable to any number of bits without external gates. When cascaded, the total time for comparison 
is the function of the word length; however, only a two-gate-level delay (12 ns) is added for each four-bit expansion. 

These circuits are completely compatible with most TTL and DTL families. Typical average power dissipation is 
275 milliwatts. The SN5485 is characterized for operation over the full military temperature range of -55°C to 125°C; 
the SN7485 is characterized for operation from 0°C to 70°C. 



TRUTH TABLE 





COMPARING 
INPUTS 


CASCADING 
INPUTS 




OUTPUTS 




A3, B3 


A2, B2 


A1, B1 


AO, 80 


A >B 


A<B 


A = B 


A >B 


A < B 


A = B 


A3>B3 


X 


X 


X 


X 


X 


X 


H 


L 


L 


A3< B3 


X 


X 


X 


X 


X 


X 


L 


H 


L 


A3= B3 


A2> B2 


X 


X 


X 


X 


X 


H 


L 


L 


A3 = B3 


A2< B2 


X 


X 


X 


X 


X 


L 


H 


L 


A3=B3 


A2=B2 


A1 > B1 


X 


X 


X 


X 


H 


L 


L 


A3= B3 


A2 = B2 


A1 < B1 


X 


X 


X 


X 


L 


H 


L 


A3 = B3 


A2 = B2 


A1 =B1 


A0> BO 


X 


X 


X 


H 


L 


L 


A3=B3 


A2 = B2 


A1 = B1 


A0< BO 


X 


X 


X 


L 


H 


L 


A3=B3 


A2 = B2 


A1 =B1 


AO = BO 


H 


L 


L 


H 


L 


L 


A3=B3 


A2=B2 


A1 = B1 


AO=BO 


L 


H 


L 


L 


H 


L 


A3= B3 


A2 = B2 


A1 =B1 


A0= BO 


L 


L 


H 


L 


L 


H 



NOTE: H = high level, L = low level, X = irrelevant 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) ■ '^ 

Input voltage (see Note 1) 

interemitter voltage (see Note 2) o ' " „' o 

Operating free-air temperature range: SN5485 Circuits -55Cto125^C 

SN7485 Circuits C to 70 C 

-65°Cto 150°C 
Storage temperature range 

NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal. 
2. This is the voltage between two emitters of a multiple-emitter input transistor. 

recommended operating conditions 



Supply voltage, Vqc 



Normalized fan-out from each output, N 



Operating free-air temperature, T^ 



SN5485 



MIN NOM MAX 



4.5 



5.5 



10 



-55 



125 



SN7485 



MIN NOM MAX 



4.75 



5.25 



10 



70 



UNIT 



°C 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER | 


TEST CONDITIONS^ 


MIN 


TYPt MAX 


UNIT 


V|H 


High-level input voltage 




2 


V 


VjL 


Low-level input voltage 




0.8 


V 


V| 


1 nput clamp voltage 


Vcc = MIN, 


l| = -12mA 


-1.5 


V 


VOH 


High-level output voltage 


Vcc = MIN, 
V||_ = 0.8V, 


V,H = 2V, 
IOH = -400iuA 


2.4 


V 


Vol 


Low-level output voltage 


V|L = 0.8V, 


V,H = 2V, 
'0L= 16 mA 


0.4 


V 


l| Input current at maximum Input voltage 


Vcc = WlAX, 


V| = 5.5 V 


1 


mA 


l|H 


High-level input current 


A < B, A > B inputs 


Vcc = MAX, 


V| = 2.4 V 


40 


AxA 


120 


all other inputs 


'IL 


Low-level input current 


A < B, A > B inputs 


Vcc = MAX, 


V| = 0.4 V 


-1.6 


mA 
mA 


all other inputs 


-4.8 


iqs 


Short-circuit output current§ 


Vcc = MAX, 


Vo = 


SN5485 


-20 


-55 


SN7485 


-18 


-55 


'cc 


Supply current 


Vcc = MAX, 


See Note 3 


55 88 


mA 



tPor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
$AII typical values are at V^c = 5 V, T^ = 25 C. 
§Not more than one output should be shorted at a time. 
NOTE 3: Iqc is measured with outputs open, A = B grounded, and all other inputs at 4.5 V. 
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switching characteristics, Vcc = 5 V, Ta = 25° C, N = 10 



PARAMETER 



tPLH 



tPHL 



tPLH 



tPHL 



tPLH 



tPHL 



tPLH 



tPHL 



FROM 
INPUT 



Any A or B data input 



Any A or B data input 



A < 8 or A = B 



A < B or A = I 



A = B 



A > B or A = 1 



A > B or A = B 



TO 
OUTPUT 



A < B, A > 



NUMBER OF 
GATE LEVELS 



A = B 



A < 8, A > 8 



A = 8 



A > B 



A = B 



TEST CONDITIONS 


MIN TYP MAX 


UNIT 




7 


ns 




12 




17 26 
23 35 


Cl =- 15 pF, 
Rl = 400 li, 
See Figure 1 


11 
15 


ns 


20 30 


20 30 


7 11 


ns 




11 17 


ns 




13 20 


ns 




11 17 


ns 




7 11 


ns 




11 17 


ns 



"*PLH = propagation delay time, iow-to-high-level output 
tpHL — propagation delay time, high-to-low-level output. 



PARAMETER MEASUREMENT INFORMATION 

Vcc 



FROM OUTPUT 
UNDER TEST 




LOAD CIRCUIT 






INPUT 




VOLTAGE WAVEFORMS 

NOTES: A. Input pulses are supplied by a pulse generator having the following characteristics: PRR - 1 MHz, duty cycle = 50% 
^^out '^ 50 il. 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1N3064. 

FIGURE 1-PROPAGATION DELAY TIMES 
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PkiNIED iN USA 27 

If (armol osiume ony leiponsibilily for any titcuits shown 
Of repreienl Ihol they are free Ifoin poleni infringement 

TEXAS INSTRUMENTS RESERVES THE RIGHT 10 MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



LOW-POWER 
TTL MSI 



CIRCUIT TYPES SN54L85, SN74L85 
4-BIT MAGNITUDE COMPARATORS 



description 



JORN 
DUAL-IN-LINE PACKAGE 



These 4-bit magnitude comparators compare two 4-bit 
words and determine their relative magnitude with the 
result being indicated by a high-level voltage at the A > B, 
A < B, or A = B output. Words of greater length may be 
compared by connecting comparators in cascade. The 
A > B, A < B, and A = B outputs of a stage handling less 
significant bits are connected to the corresponding A > B, 
A < B, and A = B inputs of the next stage handling more 
significant bits. The stage handling the least significant bits 
must have a low-level voltage applied to the A > B and 
A < B inputs and a high-level voltage applied to the A = B 
input. 

These circuits utilize low-power transistor-transistor-logic 
(TTL), but are fully compatible with most TTL and DTL 
families. Power dissipation is typically 20 mW per package. 
The SN54L85 is characterized for operation over the full 
military temperature range of -55°C to 125 C; the 
SN74L85 is characterized for operation from 0°Cto 70 C. 





Vcc 


, ' 

A3 


B3 A>B A<B BO 


AO 


B1 






16 I 


15 . 


'^ 


13 . 


12 . 


11 . 


10 . 


9 


__ 




























» 


- 


A3 B3 A>B A<B BO AO 
OUTPUT OUTPUT 

B2 B1 

A = B A>B A<B A = B 
A2 OUTPUT INPUT INPUT INPUT A1 


- 






























1»— 


1 


" 2 


13 


■ 4 ■ 5 ■ 6 


■ 7 


8 







B2 A2 A = ^ A>BA<B A = B A1 

—^j ' OUTPUT ^ " v ' INPUT 

INPUTS CASCADING INPUTS 



2-1 

n 

.^ 09 
^U1 



positive logic: See truth table 



logic 

























COMPARING 




CASCADING 






OUTPUTS 






INPUTS 






INPUTS 










A3, B3 


A2, 82 


A1,B1 


AO, BO 


A>B 


A<B 


A = B 


A>B 


A<B 


A = B 


A3>B3 


X 


X 


X 


X 


X 


X 


H 


L 


L 


A3< B3 


X 


X 


X 


X 


X 


X 


L 


H 


L 


A3=B3 


A2>B2 


X 


X 


X 


X 


X 


H 


L 


L 


A3=B3 


A2<B2 


X 


X 


X 


X 


X 


L 


H 




A3= B3 


A2 = B2 


A1 >B1 


X 


X 


X 


X 


H 


L 




A3=B3 


A2 = B2 


A1 < B1 


X 


X 


X 


X 


L 


H 




A3=B3 


A2 = B2 


A1 =B1 


AOBO 


X 


X 


X 


H 


L 


L 


A3=B3 


A2 = B2 


A1 =B1 


AO<BO 


X 


X 


X 


L 


H 




A3=B3 


A2=B2 


A1 =B1 


A0 = 80 


H 


L 


L 


H 


L 


L 


A3=B3 


A2 = B2 


A1 =B1 


AO=BO 


L 


H 


L 


L 


H 


L 


A3=B3 


A2 = B2 A1=B1 


AO = BO 


L 


L 


H 


L 


L 





NOTE: H = high level, L = low level, X = irrelevant 



absolute maximum 



ratings over operating free-air temperature range (unless otherwise noted) 



8 V 
Supply voltage Vcc (see Note 1) ^^^ 

Input voltage (see Notes 1 and 2) l55°C to 125°C 

Operating free-air temperature range: SN54L85 Circuits „_ 

SN74L85 Circuits o °^„o^ 

-65 Cto 150 C 
Storage temperature range 



NOTES: 1 . Voltage values are with respect to network ground terminal. 

2. Input voltages must be zero or positive with respect to network ground terminal. 
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recommended operating conditions 



Supply voltage Vqq 



Normalized fan-out from each output, N 



Operating free-air temperature range, T^ 



SN54L85 



MIN NOM MAX 



4.5 



5.5 



10 



-55 



125 



SN74L85 



MIN NOM MAX 



4.75 



5.25 



70 



UNIT 



electrical characteristics over recommended operating free-air temperature range 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS^ 


MIN MAX 


UNIT 


V|H 


High-level input voltage 


1 




2 


V 


V|L 


Low-level input voltage 


2 




0.7 


V 


VOH 


High-level output voltage 


1 


Vcc = IVIIN, 


IqH =-100mA 


2.4 


V 


Vol 


Low-level output voltage 


2 


Vcc = MIM, 


iOL = 2mA 


0.3 


V 


l|H 


High-level input current 
into any .A or B input 


3 


Vcc = MAX, 


V| = 2.4 V 


30 


wA 


V'cc = MAX, 


V, - 5.5 V 


300 


•IH 


High-level input current into 
A > B,A <B,orA = B input 


3 


Vcc = MAX, 


V| = 2.4 V 


10 


mA 


Vcc = MAX, 


V| = 5.5 V 


100 


1|L 


Low-level input current 
into any A or B input 


3 


Vcc = MAX, 


V| = 0.3 V 


-0.54 


mA 


l|L 


Low-level input current into 
A > B, A < B, or A = B input 


3 


Vcc = MAX, 


V| = 0.3 V 


-0.18 


mA 


'OS 


Short-circuit output current§ 


4 


Vcc = MAX 


-3 -15 


mA 


'cc 


Supply current 


5 


Vcc = MAX, 


V| = 4.5 V 


7.7 


mA 


Vcc = MAX, 


V| =0 


7.2 


mA 



f For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type. 

S Not more than one output should be shorted at a time. 



switching characteristics, Vcc = 5 V, Ta = 25°C, N = 10 



tPLH 



tPHL 



PARAMETER 



Propagation delay time, low-to- 
tpLH high-level output, from any 
A or B input 



Propagation delay time, high-to- 
*PHL low-level output, from any 
A or B input 



Propagation delay time, low-to- 
high-level output, from A > B, 
A < B, or A = B inputs 



Propagation delay time, high-to- 
low-level output, from A > B, 
A < B,or A = B inputs 



TEST 
FIGURE 



TEST CONDITIONS 



CL = 50pF, RL = 4kn 



MIN TYP MAX 



90 150 



* 75 150 



75 150 



55 100 



UNIT 
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functional block diagram 
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schematic 




E 
o / 



Q £1 

z > 



1^ 
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PARAMETER MEASUREMENT INFORMATION 



d-c test circuits? 



TEST 

PER 

TRUTH 

TABLE 



A>B 
A<B 
A' B 



-O^O r 



Each input is tested separately. 
FIGURE 1-V,„,V,L,Vo„ 



i T 



TEST 

PER 

TRUTH 

TABLE 



A>E 
A<E 



X 



_/0 



Each input is tested separately. 
FIGURE 2-V,„,V,L.VoL 



Vol J_ 

1 I 



SEE 
TEST 
TABLE 



JT 



TEST TABLE 



APPLY 
V| 


TEST l,H 


TEST l,L 1 


APPLY 4.5 V 


APPLY GND 


APPLY 4.5 V 


APPLY GND 


A3, A2, 
A1,A0 


ALL OTHER 
INPUTS 


NONE 


NONE 


ALL OTHER 
INPUTS 


B3, B2, 
B1,B0 


ALL OTHER 
INPUTS 


NONE 


NONE 


ALL OTHER 
INPUTS 


A>B 


A3, A2, A1, 
AND 
AO 


B3, B2, B1, 
AND 
BO 


ALL OTHER 
INPUTS 


NONE 


A<B 


ALL OTHER 
INPUTS 


NONE 


A = B 


ALL OTHER 
INPUTS 


NONE 



Each 


input is tested separately. 


FIGURE 3-l,„.l,L 










^HS^^^^^I 








'OS 




Vcc 
o 
j'cc 








A3 

B3 

A2 

B2 A>B 

A1 

Bl A<B 

AO 

BO A=B 

A>B 

A<B 

A=B 






A3 

B3 

A2 

B2 A>B 

A1 

Bl A<B 

AO 

BO A = B 

A>B 

A<B 

A = B 






^ 












V. 


>OPEN 








:^s^-^ 








' 






^ 


p 
















Each o 

F 


I 

utput is tested 
IGURE 4-lQg 


separately. 


F 


I 

=IGURE 5-lj,j 







§ Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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switching characteristics 



PARAMETER MEASUREMENT INFORMATION 



PULSE 
GENERATOR 
(See Note A) 



2.4 V O- 



SEE 
NOTE 



A>[ 
A<f 



A>B 
A<B 

A = B 



T 



NOTE: Pulse generator is connected to the input under test with 
all other comparing inputs at 2.4 V. 



f w t 



-Cl= - 
■^ 50 pF ^ 
(See Note 8) 



I ^ 

I 

I 



(See 
Note C) , 



30 pF 



- I 

1^AD_CIRCUIT T _j 



LOAD CIRCUIT 2 
SAME AS LOAD CIRCUIT 1 



LOAD CIRCUIT 3 



\ SAWE_ASL(3AD_CIRajlT_1 



TEST CIRCUIT 



<25 ns — 1\ 



ANY A OR B 
INPUT 



OUTPUT FROM 
A< BOR A> B 
RESPECTIVELY 



OUTPUT FROM 
A = B 




— H tpHL k— 



VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR< 500 kHz, Z(,yt = 50 Q,. 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1N916. 

D. Each output is tested separately. 

FIGURE 6-PROPAGATION TIMES FROM COMPARING INPUTS 
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CIRCUIT TYPES SN54L85, SN74L85 
4-BIT MAGNITUDE COMPARATORS 



PARAMETER MEASUREMENT INFORMATION 



switching characteristics (continued) 



2.4 V 

o 



PULSE 
GENERATOR 
(See Note A) 



SEE 
TEST 
TABLE. 



TEST TABLE 



AO 
BO 

A>B 
A<B 
A B 



A>B 
A< B 
A = B 



T 



APPLY PULSE 
GENERATOR TO 


GROUND 


TEST 


A > B INPUT 


UNUSED 
INPUTS 


A > B OUTPUT 


A < B INPUT 


UNUSED 
INPUTS 


A < B OUTPUT 


A = B INPUT 


UNUSED 
INPUTS 


A = B OUTPUT 



fH4- 



I ^ 



^ 50 pF ^ 
(See Note B; 



(See X 
NoteC) ^ 



± I 



LOAD CIRCUIT 1 



LOAD CIRCUIT 2 
SAME AS LOAD CIRCUIT 1 



LOAD CIRCUIT 3 

SAME AS LOAD CIRCUIT 1 



TEST CIRCUIT 



INPUT TO A > B 
A< B, OR A = B 



H \- 



< 25 ns 



OUTPUT FROM A > B 
A< B,OR A = B 
RESPECTIVELY 




VOLTAGE WAVEFORMS 

NOTES; A. The pulse generator has the following characteristics: PRR ^ 500 kHz, Zqjj^ = 50 n. 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1N916. 

D. Each output is tested separately. 

FIGURE 7-PROPAGATlOIM TIMES FROM CASCADING INPUTS 



Tl cannol assume any resfmnsibility for any circuits shown 
or represent that they are free from potent infringement. 

lEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TTl 
MSI 



CIRCUIT TYPES SN5486, SN7486 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 



logic 



• Input-Clamping Diodes Simplify System Design 

• Fully Compatible with TTL, DTL, and Other MSI Circuits 

• Typical Propagation Delay Times: 12 ns 



TRUTH TABLE 



INPUTS 


OUTPUT 


A 


B 


Y 














1 


1 


1 





1 


1 


'■ 


Q 



w 

FLAT PACKAGE (TOP VIEW) 



JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



4Y 3B 3A 3Y 



® ® © ® ® © © 



r-\r^ 



r~x 



\ rv i 1 n 



© © © © © © © 



lA IB 



2A 28 2Y GND 



48 4A 4Y 38 3A 3Y 



[u iflTu 12 J 11 J 10 1 9 J 8 I 

] 1 I 2 I" 3 p 4 I 5 ~[ 6 P 7 I 



1A IB 1Y 2A 2B 2Y GND 



positive logic: y = a e b 



description 



Each of these monolithic, quadruple 2-input exclusive-OR gates utilize TTL circuitry to perform 
Y = AB + AB. When the Input states are complementary, the output goes to a logical 1 . 



the function: 



I These circuits are fully compatible for use with other TTL or DTL circuits. Input clamping diodes are provided to 
minimize transmission line effects and thereby simplify system design. Input buffers are used to lower the fan-in 
requirement to only one normalized series 54/74 load. A full fan-out to 10 normalized series 54/74 loads is available 
from each of the outputs in the logical state. A fan-out of 20 is provided in the logical 1 state to facilitate connection 
of unused inputs to used inputs. Propagation delay is 12 nanoseconds and power dissipation is 37.5 milliwatts typically 
for each exclusive-OR function. 

The SN5486 is characterized for operation over the full military temperature range of — 55°C to 125°C and the SN7486 
is characterized for operation from 0°C to 70°C. 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply Voltage Vcc (See Note 1) 7V 

Input Voltage, V in (See Note 1) 5.5 V 

Operating Free-Air Temperature Range: SN5486 Circuits -55°C to 125°C 

SN7486 Circuits 0°C to 70°C 

Storage Temperature Range -65°Cto150°C 

NOTE 1 : These voltage values are with respect to network ground terminal. 
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CIRCUIT TYPES SN5486, SN7486 
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recommended operating conditions 



Supply Voltage Vqc (See Note 1): SN5486 Circuits 

SN7486 Circuits 
Normalized Fan-out from each output.N: Logical 

Logical 1 



MIN 


NOM 


MAX 


UNIT 


4.5 


5 


5.5 


V 


4.75 


5 


5.25 


V 


10 




20 





electrical characteristics over recommended operating temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS t 


MIN TYP 1 MAX 


UNIT 




Input voltage required 
Vjnd) to ensure logical 1 at 
any Input terminal 


1 




2 


V 




Input voltage required 
^in(O) to ensure logical at 
any input terminal 


1 




0.8 


V 




Vout(l) Logical 1 output voltage 


1 


Vcc=MIN, Vin(i)=2V, 
Vin(0)=0.8V, l|oad=-800MA 


2.4 


V 




^out(O) Logical output voltage 


2 


Vcc = MIN, Vin(i) = 2V, 
Vin(O) = 0.8 V, Isink = 16 mA 


0.4 


V 




Logical 1 level input 
'"* ' current (each input) 


3 


Vcc = MAX, Vjn = 2.4 V 


40 


mA 




Vcc = MAX, Vjn = 5.5 V 


1 


mA 




Logical level input 
'" current (each input) 


4 


Vcc = MAX, Vjn = 0.4 V 


-1.6 


mA 




Short circuit output 

"OS o 
current g 


5 


Vcc = MAX. V.^(,j = 4.5V, 
^n(0)=0 


SN5486 


-20 -55 


mA 




SN7486 


-18 -55 


mA 




Ice Supply current 


6 


Vcc = MAX, Vin = 4.5 V 


SN5486 


30 43 


mA 




SN7486 


30 50 


mA 


^^^^^ 


t For conditions shown as MIN or MAX, u 


se the appropr 


iate value specified under recomr 


nended opera 


ting conditions for the applicab 


e 


^Bs^^^^^^l 



circuit type, 
t All typical values are at VqC = 5 V, T^ = 25° C. 
§Not more than one output should be shorted at a time. 



switching characteristics, \/qq = 


5V,Ta = 


25° C, N = 


= 10 








PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


Propagation delay time to 














tpdO logical level (other input 


7 


Cl=15pF, 


RL = 400n 


11 


17 


ns 


low) 














Propagation delay time to 














tpdl logical t level (other input 


7 


Cl=15pF, 


RL = 400n 


15 


23 


ns 


low) 














Propagation delay time to 














tpdO logical level (other input 


7 


0^= 15 pF, 


RL = 400n 


13 


22 


ns 


high) 














Propagation delay time to 














^pdl logical 1 level (other input 


7 


0^= 15 pF, 


RL = 400n 


18 


30 


ns 


high) 
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CIRCUIT TYPES SN5486, SN7486 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 



PARAMETER MEASUREMENT INFORMATION 



d-c test circuits^" 



vcc 

Q 



VjnfO) O- 
Vind) O- 



o 



Voutd) 



i 







1 . Each input is tested separately. 
FIGURE 1 



Vcc 

Q 



n O • \^ "N y ••-v ^'sink 



Vout(O) ^*^ 

- 1$ 



1. Logical and logical 1 input conditions are tested. 
FIGURE 2 



Vcc 
o 



Vind) O- 
OPEN- 



^^ 



1. Each input is tested separately. 



FIGURE 3 



OPEN- 
Vin(O) O- 



lin(O) T 



OPEN 



1. Each Input is tested separately. 



FIGURE 4 



Vcc 



Vin(O) O- 



Vind) O- 



L>H^' 



OS 



1 . Each gate is tested separately. 
FIGURE 5 



Vcc 
o 



'cc 



Vin o — m — VX ^\ 



.OPEN 



1. Logical and logical 1 input conditions are tested. 
FIGURES 



t Arrows indicate actual direction of current flow. 
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CIRCUIT TYPES SN5486, SN7486 
QUADRUPLE 2-INPUT EXCLUSIYE-OR GATES 



switching characteristics 



PARAMETER MEASUREMENT INFORMATION 



PULSE 

GENERATOR 

(See Note 1 ) 



INPUT 
O 



: 50 n 



Vcc = 5 V OUTPUT 

Q <? 



ot VT"^ 

B 31 



r> 



<* * 



Cl 



^h-W — W 



TEST CIRCUIT 




OUTPUT 

(S1 IN POSITION A) 



OUTPUT 

(SI IN POSITION B) 



Vout(l) 



Vout(O) 



Voutd) 



Vout(O) 



VOLTAGE WAVEFORMS 



NOTES: 1. The generator has the following characteristics: Vggp = 3 V, tg = t-j ^ 15 ns, 
tp = 0.5 ms, PRR = 1 MHz, Zout'^SO n. 
2. All diodes are 1N3064 



3. t, 



tpdO + *pd1 



pd ' 



4. C|_ includes probe and jig capacitance. 

5. Each gate tested separately. 



PRINTED IN U.S.A. 

Tl cannot assume anjr responsibilify for any circuiJs shown 

or fepresen! tha( they ore free from patent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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LOW-POWER 
TTL MSI 



CIRCUIT TYPES SN54L86, SN74L86 
QUADRUPLE 2-INPUT EXCLUSIYE-OR GATES 



• Fully Compatible with TTL, DTL, and Other MSI Circuits 

• Typical Propagation Delay Time: 43 ns 



logic 



FLAT PACKAGE (TOP VIEW) 



JOR N 
DUAL-IN-LINE PACKAGE (TOP VIEW 



TRUTH TABLE 



INPUTS 


OUTPUT 


A 


B 


Y 














1 


1 


1 





1 


1 


1 






description 



4B 



4A GND 3B 3A 



® ® ® ® ® ® ® 






©©©©©©© 



2B 2Y 



Vcc 4B 4A 4Y 3Y 36 3A 



uinruiir 



S^ 




3TM 




1A IB 1Y 2Y 2A 2B GND 



positive logic: y = a © s 



Each of these low-power, monolithic, quadruple 2-input exclusive-OR gates utilize TTL circuitry to perform the 
function: Y = AB + AB. When the input states are complementary the output goes to a logical 1. 

These circuits are fully compatible for use with other TTL or DTL circuits. A full fan-out to 10 series 54L/74L 
loads is available from each of the outputs. Typical power dissipation is 3.75 milliwatts for each exclusive- 
OR function. 

The SN54L86 is characterized for operation over the full military temperature range of -55°C to 125°C and the 
SN74L86 is characterized for operation from 0°C to 70°C. 

[absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply Voltage Vqc (See Note 1 ) 8 V 

Input Voltage,Vjn (See Note 1) 5.5 V 

Operating Free-Air Temperature Range: SN54L86 Circuits -55°Cto125°C 

SN74L86 Circuits 0°C to 70°C 

Storage Temperature Range -65°Cto150°C 

NOTE 1 : These voltage values are with respect to network ground terminal. 

recommended operating conditions 



Supply Voltage Vcc (See Note 1 ): SN54L86 

SN74L86 
Normalized Fan-out from each output, N . . 



MIN 


NOM 


MAX 


UNIT 


4.5 


5 


5.5 


V 


4.75 


5 


5.25 


V 


10 
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CIRCUIT TYPES SN54L86, SN74L86 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 



electrical characteristics over operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONSt 


MIN TYPf MAX 


UNIT 


Input voltage required 
Vjn(i) to ensure logical 1 at 
any Input terminal 


1 




2 


V 


Input voltage required 
Vin(O) to ensure logical at 
any input terminal 


1 




0.7 


V 


Voutd) Logical 1 output voltage 


1 


Vcc=MIN, Vjn(i)=2V, 
Vin(0)=0.7V, l,oad=-100MA 


2.4 


V 


Vout(O) Logical output voltage 


2 


Vcc=MIN, Vin(i)=2V, 
Vin(O) = 0-7 V, Isink = 2 mA 


0.3 


V 


Logical 1 level input 
'"'^' current (each input) 


3 


Vcc = MAX, Vjn = 2.4 V 


20 


mA 


Vcc = MAX, Vjn = 5.5 V 


200 


mA 


Logical level input 
'" current {each input) 


4 


Vcc = MAX, Vjn = 0.3 V 


-0.36 


mA 


Short circuit output 

Iqs 

current 


5 


^CC=^AX' ^n(l)=4-5^ 
^n(0)=° 


-3 -15 


mA 


. Supply current 
'CC(O) (average per gate) 


6 


Vcc = MAX, Vjii = 4.5 V 


1.67 


mA 


'CC(I) Supply current 

(average per gate) 


5 


ycC=MAX V.^,^, = 4.5V, 
^n(0) = 


1.1 


mA 



■f For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

circuit type, 
f All typical values are at V^c = 5 V, T/^ = 25°C. 



switching characteristics, \fQQ = 5 V, T^ = 25°C, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


Propagation delay time to 












tpdO logical level (other input 


7 


Cl = 50pF, RL = 4kI2 


60 


150 


ns 


■low) 












Propagation delay time to 












tpdi logical 1 level (other input 


7 


Cl = 50pF, RL = 4kn 


75 


150 


ns 


low) 












Propagation delay time to 












tpdO logical level (other input 


7 


Cl = 50pF, RL = 4kn 


35 


60 


ns 


high) 












Propagation delay time to 












tpdi logical 1 level (other input 


7 


CL = 50pF, RL = 4kn 


50 


90 


ns 


high) 
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CIRCUIT TYPES SN54L86, SN74L86 
QUADRUPLE 2-INPUT EXCLUSIYE-OR GATES 



PARAMETER MEASUREMENT INFORMATION 



d-c test circuits'!" 



vcc 
p 



Vin(O) O 
Vjnd) O- 



O 



I 

Voutd) 



i? 



I 'load 



1. Each input is tested separately. 
FIGURE 1 



Vcc 

Q 



"^^=Ot^' 



t 

Vout(O) 

1 



® 



1. Logical and logical 1 input conditions are tested. 
FIGURE 2 



Vcc 
o 



'in(l) 



Vin(l) O- 
OPEN- 



r> 



OPEN 



1. Each input is tested separately. 



FIGURES 



Vcc 

Q 



OPEN- 
Vin(O) O- 



'in(O) T 



1. Each input is tested separately. 



FIGURE 4 



v., 



Vin(O) O- 



'CC(I) (See Note 2) 



r>— ^- 



Vind) O- 



NOTES: 1. Each gate is tested separately for I OS. 

2. When testing Iqc;.] ), the output is open, 



Vcc 
o 



Vin O- 



I 'CC(O) 



to 



NOTES: 1. Logical and logical 1 input conditions 
are tested. 



the average-per-gate value ■■ 



FIGURE 5 



'CC 'total 



number of gates in package 



2. The average-per gate value = 



'CC total 



number of gates in package 



FIGURE 6 



'Arrows Indicate actual direction of current flow. 
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CIRCUIT TYPES SN54L86, SN74L86 
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switching characteristics 



PARAMETER MEASUREMENT INFORMATION 



PULSE 

GENERATOR 

(See Note 1 ) 



INPUT 



OUTPUT 

(81 IN POSITION A) 



OUTPUT 

(SI IN POSITION B) 




Vout(O) 



Voutd) 



Vout(O) 



VOLTAGE WAVEFORMS 



NOTES: 1. The generator has the following characteristics: Vgen = 3 V, tg = t-] < 60 ns, tp = 1 Ms, PRR < 500 kHz, Zout '^ 50 fl. 
2. All diodes are 1N916. 



tpd 



tpdO + tpdl 



4. C|_ includes probe and jig capacitance. 

5. Each gate tested separately. 



FIGURE? 



PSiNTED !N U S A 

Tl cannol assume any responsibilify for any circuils shown 

or represent that Ihey ore free from patent infringement. 

ffXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
N ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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MSI 



CIRCUIT TYPES SN54H87, SN74H87 
4- BIT TRUE/COMPLEMENT, ZERO/OHE ELEMENT 



logic 



TRUTH TABLE 



CONTROL 
INPUTS 




OUTPUTS 




B C 


Y1 


Y2 Y3 


Y4 





AT 


T2 A3 


m 


1 


A1 


A2 A3 


A4 


1 


1 ■ 


1 1 


1 


1 1 












w 

FLAT PACKAGE (TOP VIEW) 



JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



V(,j, A4 Y4 NC A3 Y3 B 

® ® ® ® ® © © 
I I I I I 



t 



! ■ ! ! i ] 



1=1 



© © © © © © © 

C A1 Y1 NC A2 Y2 GND 



A4 Y4 NC A3 Y3 B 



i^iKiMj^iWI^U 8 L 



A4 Y4 

C 

A1 Y1 



A3 Y3 

B 

A2 Y2 



C A1 Y1 NC A2 Y2 GND 



positive logic: See truth table 



description 

These monolithic 4-bit true/complement elements, with the use of the two control lines (B, C), will transfer a 4-bit 
binary input (A) to the output (Y) in either true or complementary form. Furthermore, the control lines will also set all 
outputs to either a logical or logical 1 independent of the state of the data inputs. 

These circuits are fully compatible for use with other TTL or DTL circuits. Input clamping diodes are provided to 
minimize transmission line effects and thereby simplify system design. Each input represents only one normalized series 
54H/74H load, and full fan-out to 10 series 54H/74H loads is available from each of the outputs in the logical 
■ condition. In the logical 1 state, a fan-out of 20 is available to facilitate tying unused inputs to used inputs. 

B Power dissipation is 270 mW typically with an average propagation delay of 14 ns from data inputs to output. 

The SN54H87 is characterized for operation over the full military temperature range of — 55°C to 125°C, and the 
SN74H87 is characterized for operation from 0°C to 70°C. 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply Voltage Vcc (See Note 1 ) 7V 

InputVoltage.Vjn (See Note 1) 5.5 V 

Operating Free-Air Temperature Range: SN54H87 Circuits -55°Cto125°C 

SN74H87 Circuits 0°C to 70°C 

Storage Temperature Range -65°Cto150°C 



Note 1 : These voltage values are with respect to network ground terminal. 
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CIRCUIT TYPES SN54H87, SN74H87 
4 -BIT TRUE/COMPLEMENT, ZERO/ONE ELEMENT 



recommended operating conditions 

Supply Voltage Vcc (See Note 1 ) : SN54H87 Circuits 

SN74H87 Circuits 
Normalized Fan-Out from Each Output (N): Logical 

Logical 1 



MIN NOM MAX 


UNIT 


4.5 5 5.5 


V 


4.75 5 5.25 


V 


10 




20 





NOTE 1 : These voltage values are with respect to network ground terminal. 



electrical characteristics over recommended operating temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONSt 


MIN TYPt MAX 


UNIT 


1 nput voltage required to ensii re logical 
'"* " 1 at any input terminal 


1 




2 


V 


Input voltage required to ensure logical 
'"*°' at any input terminal 


1 




0.8 


V 


^outd) Logical 1 output voltage 


1 


Vcc = MIN,Vin(i) = 2V, 
V|n(0) = 0.8 V, lioad = -1 mA 


2.4 


V 


Vout(O) Logical output voltage 


1 


Vcc = MIN,Vin(i) = 2V, 
Vin(O) = 0.8 V, Isink = 20 mA 


0.4 


V 


Logical 1 level input 
'"*^' current (each input) 


2 


Vcc = MAX. Vjn = 2.4 V 


50 


/uA 


Vcc = MAX, Vjn = 5.5 V 


1 


mA 


Logical level input 
''"'°' current (each input) 


3 


Vcc = MAX, Vjn = 0.4 V 


-2 


mA 


Iqs Short circuit output current? 


4 


Vcc = MAX. Vout = 


-40 -100 


mA 


Ice Supply current (SN54H87) 


5 


Vcc = MAX 


54 78 


mA 


ICC Supply current (SN74H87) 


5 


Vcc = MAX 


54 89 


mA 



switching characteristics, Vqq = 5 V, T^ = 25°C, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Propagation delay time to logical level 
^^'^ from data inputs to outputs 


6 


CL = 25pF. RL = 280n 


13 19 


ns 


Propagation delay time to logical 1 level 
'^ from data inputs to outputs 


6 


Cl = 25 pF, Rl = 280 fi 


14 20 


ns 


Propagation delay time to logical level 
'^'^ from control inputs to outputs 


6 


CL = 25pF, RL = 280n 


17 25 


ns 


Propagation delay time to logical 1 level 
^ from control inputs to outputs 


6 


CL = 25pF, RL = 280n 


17 25 


ns 



T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the 
applicable circuit type. 

i All typical values are at Vqc = 5 V, T;^ - 25°C 

S Not more than one output should be shorted at a time. 
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CIRCUIT TYPES SN54H87, SN74H87 

4 -BIT TRUE/COMPLEMENT, ZERO/ONE ELEMENT 



functional block diagram 



DATA 
INPUTS 



A1 



o- 

A2 



< 



o- 

A3 



\A4 



CONTROL 
INPUTS 






Cm 



^ 



Dn 



t>- 



o 



> 



On 



1> 



o 



o 



o 



o 



-OY1 



-OY2 



^ OUTPUTS 



-0Y3 



-OY4 
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CIRCUIT TYPES SN54H87, SN74H87 
4 -BIT TRUE/COMPLEMENT, ZERO/ONE ELEMENT 



d-c test circuitst 



PARAMETER MEASUREMENT INFORMATION 



'ind; 



in(0) 




sink 



1. Each output is tested separately. 

FIGURE 1 



'CC 



'in(l) 



SEE 
NOTES 





A1 


Y1 




A2 


Y2 




A3 


Y3 




A4 


Y4 




B C 1 


1 


_L 



VOPEN 



1. Each input Is tested separately. 

2. When testing A1, A2, A3, or A4 input B is at 4.5 V. 

FIGURE 2 




CC 



4.5 VO- 



>OPEN 



A1 
A2 
A3 
A4 

B C 



Y1 
Y2 
Y3 
Y4 



4.5 VO- 



^^ 



SEE 
NOTE 



lOS 



1. Each input is tested separately 

2. When testing A1, A2, A3, or A4 input B is grounded. 

FIGURE 3 



1. Each output is tested separately. 
FIGURE 4 



4.5 V< 



SEE 
TEST 
TABLE 



CC 



CC 



A1 




Y1 


>^ 


A2 




Y2 




A3 




Y3 




A4 




Y4 


J 


B 


C 







T 



TESTTABLE 



>OPEN 



TEST 
NO. 


APPLY 4.5 V 


GROUND 


1 


A1,A2, A3,A4 


B, C 


2 


B, C 


A1,A2, A3,A4 



FIGURES 



"f Arrows indicate actual direction of current flow. 
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PARAMETER MEASUREMENT INFORMATION 



switching characteristics 



OUTPUT 

o 



. 












r - 


^ * 


■- 




- n 








} 




< - 

Cl 
LOAD CIRCUIT 1 " 


1 






SEE 
TEST 
TABLE 




A1 Y1 
A2 Y2 
A3 Y3 
A4 Y4 
B C 


1 


1 


PULSE 
GENERATOR 

(See Note 1) 










r 


! 


1 








, 










L 1 








~ 


* 1 






1 — 
















LOAD CIRCUIT 2 
(SAME AS 1) 


1 


50 


oi 


1 — 1 

1 

r - 

' — 1 


J 


< 














1 










LOAD CIRCUIT 3 
(SAME AS 1) 


1 










i_ 
















•^ 


-^ 


r 




LOAD CIRCUIT 4 
(SAME AS 1) 


1 
1 




^ — ' 












L _ 


-J 



TEST CIRCUIT 



-h M K- 




TEST TABLE (See Note 2) 



NONINVERTING 
FUNCTIONS 



INVERTING 
FUNCTIONS 



GND 


INPUT 


OUTPUT 


B,C 


A1 


Y1 


B, C 


A2 


Y2 


B, C 


A3 


Y3 


B,C 


A4 


Y4 


C 


B 


Y1 


C 


B 


Y2 


C 


B 


Y3 


C 


B 


Y4 


B 


C 


Y1 


B 


C 


Y2 


B 


C 


Y3 


B 


C 


Y4 



^ou\ (01 



VOLTAGE WAVEFORMS 



NOTES: 1. The pulse generator has the following characteristics: Vggn = 3 V, t-) 

2. Inputs not specified are open. 

3. C|_ includes probe and jig capacitance. 

4. All diodes are 1N3064. 



to = 7 ns, tp = 500 ns, PRR = 1 MHz, and 'Z.qmx « 5012. 
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FIGURE 6 - SWITCHING TIMES 
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CIRCUIT TYPES SN54180, SN74180 
8-BIT ODD/EVEN PARITY GENERATORS/CHECKERS 



logic 



W FLAT PACKAGE 
(TOP VIEW) 



J OR N DUAL-IN-LINE PACKAGES 
(TOP VIEW) 



TRUTH TABLE 



INPUTS 


OUTPUTS 


2 OF 1's AT 
THRU 7 


EVEN 


ODD 


EVEN 


2 
ODD 


EVEN 


1 





1 





ODD 


1 








1 


EVEN 





1 





1 


ODD 





1 


1 





X 


1 


1 








X 








1 


1 



X= irrelevant 



,, / INPUTS \ 

VCC ^4 3 2 10^ 

® ® ® ® ® © © 

L 1 ! ! T T i i 



P i i i i I " 



® ® ® © © ® © 

EVEN ODD I -EVEN 2 -ODD GND 
INPUT INPUT OUTPUT OUTPUT 



Mnputs- 



VCC 

I4I 13 1112 Mil 



EVEN ODD S z 

7 INPUT INPUT EVEN ODD 



1 n ? n ^ n * n ^ n ^ n^ 

6 7 EVEN ODDI-EVEN £-ODD GND 

-INPUTS-/ INPUT INPUT OUTPUT OUTPUT 



positive logic: see truth table 



description 

These universal, monolithic, 8-bit parity generators/checkers, utilizing familiar Series 54/74 TTL circuitry, feature 
octd/even outputs and control inputs to facilitate operation in either odd- or even-parity applications. The word-length 
capability is easily expanded by cascading. Typical applications are shown for these parity circuits being used to 
generate and check parity. 

The SN54180/74180 are fully compatible with other TTL or DTL circuits. Input buffers are provided so that each 
data input represents only one normalized series 54/74 load. A full fan-out to 10 normalized series 54/74 loads is 
available from each of the outputs in the logical state. A fan-out to 20 normalized loads is provided in the logical 1 
state to facilitate the connection of unused inputs to used inputs. Typical power dissipation is 170 mW. 

The SN54180 is characterized for operation over the full military temperature range of -55°C to 125°C; and the 
SN74180 is characterized for operation from 0°C to 70°C. 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply Voltage Vcc (See Note 1 ) . ^ ^ 

Input Voltage.Vin (See Note 1) • ^ ■ 5,5^^ 

Operating Free-Air Temperature Range: SN54180 Circuits -55Cto125^C 

SN741 80 Circuits 0°Cto70°C 

Storage Temperature Range -65 C to 150 C 

NOTE 1 : These voltage values are with respect to network ground terminal. 



recommended operating conditions 



Supply Voltage Vcc (See Note 1): SN541 80 . . . . 

SN74180 . . . . 
Normalized Fan-Out from Each Output (N): Logical 

Logical 1 



MIN NOM MAX 


UNIT 


4.5 5 5.5 


V 


4.75 5 5.25 


V 


10 


V 


20 


V 



Texas Instruments 

INCORPORATED 
POST OFFICE BOX S012 • DALLAS. TtXAS 7922t 



9-309 



CIRCUIT TYPES SN54180, SN74180 

8-BIT ODD/EVEN PARITY GENERATORS/CHECKERS 



electrical characteristics over recommended operating temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONSt 


MIN TYP$ MAX 


UNIT 


Input voltage required to ensure 
'" logical 1 at any input terminal 


1 




2 


V 


1 nput voltage requ ired to ensure 
'" logical at any input terminal 


1 




0.8 


V 


^outd) Logical 1 output voltage 


1 


Vcc = MIN, Vin(i) = 2V, 
Vin(0)=0.8V, l,oad = -800 mA 


2.4 


V 


Vout(O) Logical output voltage 


1 


Vcc = MIN, Vin(i)=2V, 
Vin(O) = 0.8 V, Isink = 16 mA 


0.4 


V 


Logical 1 level input current at 
'"*^* each data input 


2 


Vcc = MAX, Vjn = 2.4 V 


40 


ma 


Vcc = MAX, Vjn = 5.5 V 


1 


mA 


Logical level input current at 
'>"<°» each data input 


^ 


Vcc = MAX, Vjn = 0.4 V 


-1.6 


mA 


Logical 1 level input current at 
'"*^' even or odd input 


2 


Vcc = MAX, Vjn = 2.4 V 


80 


*»A 


Vcc = MAX, Vjn = 5.5 V 


1 


mA 


Logical level input current at 
'"'°' even or odd input 


2 


Vcc = MAX, Vjn = 0.4 V 


-3.2 


mA 


IqS Short circuit output current§ 


3 


Vgg =MAX 


SN&llgb 


-20 -fes 


mA 


SN74180 


-18 -55- 


mA 


'cc Supply current 


3 

and 

4 


Vcc = MAX 


SN54180 


34 49 


mA 


SN74180 


34 56 


mA 



t For conditions shown at MIN or MAX, use the appropriate value specified under recommended operating conditions for the particular 
circuit type. 

t All typical values are at \/qc = 5 V, T/^ = 25°C. 

S Not more than one output should be shorted at a time. 



switching characteristics, Vcc = 5 V, Ta = 25°C, N = 10 



PARAMETER 


FROM 
INPUT 


TO 
OUTPUT 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpdl 


Data 


£ Even 


5 


Cl=15pF, 
RL = 400n, 
Odd Input grounded 


40 60 


ns 


tpdO 


45 68 


tpdl 


Data 


SOdd 


32 48 


ns 


tpdO 


25 38 


tpdl 


Data 


2 Even 


5 


Cl= 15 pF, 
RL = 400n, 
Even Input grounded 


32 48 


ns 


tpdO 


25 38 


tpdl 


Data 


SOdd 


40 60 


ns 


tpdO 


45 68 


tpd1 


Even or Odd 


£ Even or £ Odd 


5 


Ci_=15pF, 
RL = 400n 


13 20 


ns 


tpdO 


Even or Odd 


£ Even or £ Odd 


7 10 


ns 
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CIRCUIT TYPES SN54180, SN74180 
8-BIT ODD/EVEN PARITY GENERATORS/CHECKERS 



functional block diagram 
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CIRCUIT TYPES SN54180, SN74180 

8-BIT ODD/EVEN PARITY GENERATORS/CHECKERS 



PARAMETER MEASUREMENT INFORMATION 



d-c test circuits''' 



vcc 


Vcc 








■ 








1 


o 






1 








1 








ODD 






ODD 




























o— 

VjnlO) 
O— 


TEST 

PER 

TRUTH 

TABLE 




1 

2 
2 EVEN 

3 

5 ODD 


- 


TEST 

PER 

tRUTH 

TABLE 


'sink 


^ 


'in(l) 
VinO^ 

'in(O) 


SEE 
NOTES 




1 

2 
^ EVEN 
3 

4 2 

5 ODD 


-/ 


> OPEN 


i 


i 


'load 








6 




01 








6 












7 














7 












EVEN 


Vout 










EVEN 








1 




1 




1 -L 




J 


X 




- 


■ir -i -i- 


NOTES: 1. Each input is tested separately. 






2. Odd and even inputs are each tested f 


or Ijnd) and 




Ijn(o) v^i^^ both an even-code and an 


odd -code 


FIGURE 1 


applied at the data inputs. 
FIGURE 2 




vcc 


Vcc 






^ 


1 'cc 


2.4 V < 


1 'cc 






J_ . 


1 


▼ 






' 


1 


▼ 






y 


ODD 







y 


ODD 





OPEN ^ 




1 

2 ^ 
EVEN 

3 

4 

2 


- 


r "1 

SEE 
NOTES 




\ 




OPEN 




1 

2 ^ 
EVEN 

3 

^ 2 




> OPEN 










5 ODD 
6 




— — 




'OS 








5 ODD 
6 


-J 








7 












7 






^1 


EVEN 










«S 


EVEN 


pJ 






1—. 

NOTES: 1. Each output is tested separately. 


r 




1 






2. When testing [qq both outputs are open. 






FIGURES 


FIGURE 4 





■•^ Arrows indicate actual direction of current flow. 
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CIRCUIT TYPES SN54180, SN74180 
8.BIT ODD/EVEN PARITY GENERATORS/CHECKERS 



PARAMETER MEASUREMENT INFORMATION 



switching characteristics 







PULSE 

GENERATOR 

(See Note 1) 


4 
4 


> 
■ 






|_ 




TEST TABLE t 



TEST CIRCUIT 




NONIMVERTING 
FUNCTIONS 



INVERTING 
FUNCTIONS 



— '^out (o; 



VOLTAGE WAVEFORMS 



INPUT CONDITIONS 


OUTPUT 
TESTED 


APPLY PULSE 


GND 





ODD 


2 EVEN 


1 


ODD 


2 EVEN 


2 


ODD 


L EVEN 


3 


ODD 


2 EVEN 


4 


ODD 


£ EVEN 


5 


ODD 


2 EVEN 


6 


ODD 


£ EVEN 


7 


ODD 


£ EVEN 





ODD 


£ ODD 


1 


ODD 


£ ODD 


2 


ODD 


£ ODD 


3 


ODD 


£ ODD 


4 


ODD 


£ ODD 


5 


ODD 


£ ODD 


6 


ODD 


£ ODD 


7 


ODD 


£ ODD 


EVEN 





£ EVEN 


ODD 


NONE 


£ EVEN 


EVEN 


NONE 


£ ODD 


ODD 





£ ODD 



t Repeat all but the last 4 tests with the even 
input grounded. 



NOTES: 1. The pulse generator has the following characteristics: V-g^ = 3 V, 
t-i = to =10ns, tp = 500 ns, PRR - 1 MHr, and Zq^^ «s 50 n. 

2. Inputs not specified are open. 

3. C|_ includes probe and jig capacitance. 

4. All diodes are 1 N3064. 



FIGURE 5 - SWITCHING TIMES 
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CIRCUIT TYPES SN54180, SN74180 

8-BIT ODD/EVEN PARITY GENERATORS/CHECKERS 

TYPICAL APPLICATIONS 

verifying transmitted data 

In this example (Figure A), data is being transmitted from data register A to data register B. Parity generators A1 and 
A2 are connected to generate en even-parity bit Qi6 which is transmitted to register B. Parity checkers B1 and B2 
verify the accuracy of the transmitted data and generate an even true (logical 1) or false (logical 0) parity output signal. 



DATA REGISTER A 

Q< 
Q< 
Qio 
Q 
Qi 
Q 



EVEN 
IN 



ODD 
IN 



ODD 
OUTPUT 



EVEN 
OUTPUT 



EVEN 

m 



ODD 

IN 



ODD 
OUTPUT 



EVEN 
OUTPUT 



DATA REGISTER B 



cascading for longer word lengths 



figure A 



ODD 
IN 



ODD 
INPUT 



EVEN 
OUTPUT 

EVEN 
IN 



SN74180 



ODD 
IN 



ODD 
OUTPUT 

EVEN 
OUTPUT 

EVEN 
IN 



The parity generator/checker may be 
cascaded for applications requiring longer 
word lengths. See Figure B. The ODD IN 
control is grounded for even parity 
generation and the EVEN IN control is 
grounded for odd parity generation. Two 
control inputs and two outputs ensure 
faster operation when cascading for word 
lengths over 8 bits, as only one gate delay 
is added for each additional 8-bit group. 
For a 32-bit word, parity can be 
generated in approximately 65 ns. 



1 1 1 1 1 1 1 1 




1 


! 1 i M 1 




1 i 


I 1 1 1 1 1 




1 1 1 1 1 M 


1 


ODD J. i 
ODD EVEN 






ODDj, j.^ 




- 


ODD J. £ 
ODD EVEN 




n 


— 


ODDj; s 
ODD EVEN 


1 












L 































figure B 
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CIRCUIT TYPES SN54181, SN74I81 
ARITHMETIC LOGIC UNITS/ FUNaiON GENERATORS 



PIN DESIGNATIONS 



DESIGNATION 


PIN NOS. 


FUNCTION 


A3, A2, A1, AO 


19,21,23,2 


WORD A INPUTS 


B3, B2, B1, BO 


18, 20, 22, 1 


WORDB INPUTS 


S3, S2, 81, SO 


3, 4, 5, 6 


FUNCTION-SELECT 
INPUTS 


Cn 


7 


INV. CARRY INPUT 


M 


8 


MODE CONTROL 
INPUT 


F3, F2, F1, FO 


13, 11, 10,9 


FUNCTION OUTPUTS 


A = B 


14 


COMPARATOR OUTPUT 


P 


15 


CARRY PROPAGATE 
OUTPUT 


Cn+4 


16 


INV. CARRY OUTPUT 


G 


17 


CARRY GENERATE 
OUTPUT 


vcc 


24 


SUPPLY VOLTAGE 


GND 


12 


GROUND 



JORN DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW)t 



B2 A3 B3 G 



r^^«»^^»W4;;M^^»44^»W-. 



1 1 1 I 1 1 1 I T 



82 A3 B3 G C„. 



AO S3 S2 SI 



FO Fl F2 



n 



imJliFmmiHJwmS^ 



FO Fl F2 GND 



logic: see function tables 



^Pin assignnnents for these circuits are the same for all packages. 



XCOO 

<i:o 

m _j — 

-<WU1 



(O - 



.00 



*.2 

- «J 

^ 7t 

73 

C 
> 

-< 



description 



• Full Look-Ahead for High-Speed Operations on Long Words 

• Input Clamping Diodes Minimize Transmission-Line Effects 

• Darlington Outputs Reduce Turn-Off Time 

• Arithmetic Operating Modes: • 

Addition 

Subtraction 

Shift Operand A One Position 

Magnitude Comparison 

Plus Twelve Other Arithmetic Operations 

• Typical Add Time for Four Bits .... 24 ns 

• Typical Carry Time for Four Bits .... 12 ns 



Logic Function Modes: 
Exclusive-OR 
Comparator 

AND, NAND,OR,NOR 
Plus Ten Other Logical Operations 



The SN54181 and SN74181 are high-speed arithmetic logic units {AHJ)/function generators which have a complexity 
of 75 equivalent gates on a monolithic chip. This circuit performs 16 binary arithmetic operations on two 4-bit words 
as shown in the function table. These operations are selected by the four function-select lines (SO, SI, S2, S3) and 
include addition, subtraction, decrement, and straight transfer. When performing arithmetic manipulations, the internal 
carries must be enabled by applying a low-level voltage to the mode control input (M). A full carry look-ahead scheme 
is made available in the SN54/SN74181 for fast, simultaneous carry generation by means of two cascade-outputs (pin 
15 and 17) for the four bits in the package. When used in conjunction with the SN54182 or SN74182 full carry 
look-ahead circuits, high-speed arithmetic operations can be performed. For example, the typical addition time for the 
SN54181/SN74181 is 24 nanoseconds for four bits. When expanding to 16-bit addition with the SN54182/SN74182, 
only 13 nanoseconds further delay is added so that the total addition time is 37 nanoseconds, or 2.2 nanoseconds per 
bit. One SN54182/SN74182 is needed for every 16 bit (four SN54181/SN74181 circuits). 

If high speed is not of importance, a ripple-carry input (Cp) and a ripple-carry output (Cn-h4) are available. However, 
the ripple-carry delay has also been minimized so that arithmetic manipulations for small word lengths can be 
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CIRCUIT TYPES SN54181 SN7418I 

ARITHMETIC LOGIC UNITS/ FUNGION GENERATORS 



description (continued) 

performed without external circuitry. The typical delay for the ripple carry is 12 nanoseconds for four bits. With a 
typical addition time of 24 nanoseconds for four bits, addition of two 8-bit words is accomplished typically in 
36 nanoseconds when employing the ripple carry. 

The SN54181 and SN74181 will accommodate active-high or active-low data if the pin-designations are reinterpreted as 
follows: 



PIN NUMBER 


2 


1 


23 


22 


21 


20 


19 


18 


9 


10 


11 


13 


7 


16 


15 


17 


Active-high data (Figure 1) 


AO 


Bo 


Al 


Bl 


A2 


B2 


A3 


B3 


FO 


Fl 


F2 


F3 


c;; 


Cn-i-4 


X 


Y 


Active- low data (Figure II) 


AO 


Bo 


Al 


Bl 


A2 


^2 


A3 


"B3 


To 


■R 


F2 


n 


Cn 


Cn+4 


T 


■5- 



Subtraction is accomplished by 1's complement addition where the 1's complement of the subtrahend is generated 
internally. The resultant output is A— B— 1 which requires an end-around or forced carry to provide A— B. 

The SN54181 or SN74181 can also be utilized as a comparator. The A = B output is internally decoded from the 
function outputs (FO, Fl, F2, F3) so that when two words of equal magnitude are applied at the A and B inputs, it will 
assume a high-level state to indicate equality (A = B). The SN54181/SN74181 should be in the subtract mode when 
performing this comparison. The A = B output is open-collector so that it can be wire-AND connected to give a 
comparison for more than four bits. The carry output (Cn-1-4) can also be used to supply relative magnitude 
information. Again, the ALU should be placed in the subtract mode by placing the control lines at LHHL. 





Input Cn 


Output Cnt4 


,.*»,« 


Active-High Data 

(Figure n 


J 


H 


A>B 


(Figure II) 


J 


I 


A<6 
A -.8 



These circuits have been designed to not only incorporate all of the designer's requirements for arithmetic operations, 
but also to provide 16 possible functions of two Boolean variables without the use of external circuitry. These logic 
functions are selected by use of the four function-select inputs (SO, SI, S2, S3) with the mode control input (M) at a 
high level to disable the internal carry. The 16 logic functions are detailed in the function table and include 
exclusive-OR, NAND, AND, NOR, and OR functions. 

The SN54181/SN74181 is designed with a Darlington output configuration (54I-I/74H type) to reduce the 
high-logic-level output impedance and thereby improve the turn-off propagation delay time. All outputs are rated at a 
normalized fan-out of ten at the low logic level and increased to a fan-out of 20 at the high logic level. The increased 
high-logic-level fan-out allows the system designer more freedom in tying unused inputs to driven inputs. 

The SN54181 is characterized for operation over the full military temperature range of — 55°C to 125°C; the SN74181 
is characterized for operation from 0°C to 70°C. 
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CIRCUIT TYPES SN54181, SN7418I 
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description (continued) 



ALU Signal Designations 

The SN54181 and SN74181 can be used with either the signal designations as shown in Figures I or II. 

The logic functions and arithmetic operations obtained with signal designations as in Figure I are given in Table I; those 
obtained with the signal designations of Figure II are given in Table II. 



(23) (221 (21) (20) (19) (18) 



AO Bo Ai Bi A2 B2 A3 B3 



Fo Ft F2 F3 Cn+4 Y X 



I I II Y II 

(9) (10) (11) (13) (16) (17)(15) 



Lc 



(3) (4) (1) (2) (141(15) (5) (6) 

II II II LL 



YO Xo Yi Xi Y2 X2 Y3 X3 



^n+x Cp+y Cn+z 

T ? T 



(23) (22) (21){20) (19)(18) 



AA ^A }.>. AA 



Ao Bo Ai Bi A2 B2 A3 B3 



Fo F l F2 F3 Cn+4 G P 

V V V V I ?? 

(9) (10) (11) i13) (16) (17) (15) 



(13) 

u 



(3) (4) (1) (2) (14)(15) (5) (6) 

AA kk kk Xk 



Go PQ Gi Pi G2 P2 G3 P3 



Cn+y Cn+j 



FIGURE I 
(FOR TABLE I) 



TABLE I 



SELECTION 


ACTIVE-HIGH DATA | 


M = H 
LOGIC 


M = L; ARITHMETIC OPERATIONS | 


C„ = 


Cn=1 


S3 S2 S, So 


FUNCTIONS 


5^7= 1 = H 


C„ = = L 




L 


L 


L 


F = A 


F = A 


F = A PLUS 1 




L 


L 


H 


F = A + B 


F = AtB 


F = (A + BI PLUS 1 




L 


H 


L 


-K- AB 


F = A + B 


F = (A+B) PLUS 1 




L 


H 


H 


F = 


F = MINUS 1 (2'sCOMPL) 


F = ZEHO 




H 


L 


L 


F=AB 


F = A PLUS AB 


F = A PLUS AB PLUS 1 




H 


L 


H 


F=B 


F = (A + 8) PLUS AB 


F = (A + B) PLUS AB PLUS 1 




H 


H 


L 


F = A©B 


F = A MINUS B MINUS 1 


F = A MINUS B 




H 


H 


H 


F = AB 


F =AB MINUS 1 


F=AB 


H 


L 


L 


L 


F = A + B 


F = A PLUS AB 


F = A PLUS AB PLUS 1 


H 


L 


L 


H 


F = A©B 


F = A PLUS 8 


F - A PLUS 8 PLUS 1 


H 


L 


H 


L 


F = B 


F " (A + BI PLUS AB 


F = (A + BI PLUS AB PLUS 1 


H 


L 


H 


H 


F = AB 


F = AB MINUS 1 


F = AB 


H 


H 


L 


L 


F = 1 


F • A PLUS A- 


F = A PLUS A PLUS 1 


H 


H 


L 


H 


F=A+B 


F - lA + B) PLUS A 


F = (A + BI PLUS A PLUS 1 


H 


H 


H 


L 


F-A + B 


F = (A + B) PLUS A 


F = (A +B) PLUS A PLUS 1 


H 


H 


H 


H 


F = A 


F = A MINUS 1 


F = A 



FIGURE II 
(FOR TABLE II) 



TABLE II 



Each bit is shifted to the next more significant position. 



SELECTION 


ACTIVE-LOW DATA 


M = H 
LOGIC 


M = L: ARITHMETIC OPERATIONS 


C„ = 




Cn-1 


S3S2 


Si 


So 


FUNCTIONS 


C„=0 = L 




Cn = 1 = H 


L L 


L 




F = A 


F = A MINUS 1 


F 


A 


L L 


L 




F=AB 


F =AB MINUS 1 


F 


A8 


L L 


H 




F = AtB 


F = AB MINUS 1 




AB 


L L 


H 




F = 1 


F = MINUS 1 (2'sCOMP) 




ZERO 


L H 


L 




F = A + B 


F = A PLUS (A + 81 




A PLUS (A+B) PLUS 1 


L H 


L 




F=B 


F = ABPLUS IA + B) 




AB PLUS (A + B) PLUS 1 


L H 


H 




F=A©B 


F = A MINUS B MINUS 1 




A MINUS B 


L H 


H 




F = A + B 


F = A + B 




lA +B| PLUS 1 


H L 


L 




F = AB 


F = A PLUS (A t B) 




A PLUS (A + B) PLUS 1 


H L 


L 




F = A©B 


F = A PLUS B 




A PLUS B PLUS 1 


H L 


H 




F = B 


F = AB PLUSIA + BI 




ABPLUS lA + B) PLUS 1 


H L 


H 




F = A + 8 


F. A + B 




(A + B) PLUS 1 


H H 


L 




F = 


F = A PLUS A- 




A PLUS A PLUS 1 


H H 


L 




F = AB 


F = AB PLUS A 




ABPLUS A PLUS 1 


H H 


H 




F = AB 


F = AB PLUS A 




AB PLUS A PLUS 1 


H H 


H 


H 


F = A 


F = A 




A PLUS 1 
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CIRCUIT TYPES SN54in, SN7fl8l 

ARITHMniC LOGIC UNITS/ FUNGION GENERATORS 



absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) 7V 

Input voltage (see Note 1) 5.5 V 

I nteremitter voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN54181 Circuits -55°Cto125°C 

SN74181 Circuits 0°Cto70°C 

Storage temperature range —65 C to 150 C 



NOTES: 1. Voltage values are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies to each A input in 
conjunction with inputs S2 or S3, and to each B input in conjunction with inputs SO or S3. 



recommended operating conditions 



Supply voltage Vqc 



Normalized fan-out from each output, N 



High logic level 



Low logic level 



Operating temperature, T/\ 



SN54181 



MIN NOM MAX 



4.5 



10 



-55 



MIN NOM MAX 



20 



10 



electrical characteristics over recommended operating temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TESTCONDITIONSt 


MIN TYPt 


MAX 


UNIT 


V|H 


High-level input voltage 


1 and 2 




2 


V 


V|L 


Low-level input voltage 


1 and 2 




0.8 


V 


VOH 


High-level out lut voltage 
any output except A = B 


1 


V||_ = 0.8V, 


V|H = 2V, 
Iqh = -800 mA 


2.4 


V 


'oh 


High-level output current, 
A = B output only 


1 


V|L = 0.8 V, 


V,H = 2V, 
VoH = 5.5 V 


250 


mA 


Vol 


Low-level output voltage 


2 


Vcc = IViN, 
V|L = 0.8V, 


V,H = 2V, 
Iql = 16 mA 


0.4 


V 


'IH 


High-level input current (mode input) 


3 


Vcc = IVAX, 


Vi = 2.4V 


40 


mA 


'IH 


High-level input current (any A or B input) 


120 


juA 


'IH 


High-level input current (any S input) 


160 


mA 


'IH 


High-level input current (carry input) 


200 


HA 


'IH 


High-level input current (any input) 


3 


Vcc = '^AX, 


V| =5.5 V 


1 


mA 


'II 


Low-level input current (mode input) 


3 


Vcc = MAX, 


V| =0.4V 


-1.6 


mA 


'li 


Low-level input current (any A or B input) 


-4.8 


mA 


'II 


Low-level input current (any S input) 


-6.4 


mA 


l|L 


Low-level input current (carry input) 


-8 


mA 


'OS 


Short-circuit output current§ 


4 


Vcc = '^''AX 


SN54181 


-20 


-55 


mA 


SN74181 


-18 


-57 


'cc 


Supply current 


5 


Vcc = I^AX 


SN54181 


88 


127 


mA 


SN74181 


88 


140 


'cc 


Supply current 


6 


Vcc = IVAX 


SN54181 


94 


135 


mA 


SN74181 


94 


150 



t For conditions showh as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
f All typical values are at Vj^q = 5 V, T^ = 25 C. 
§ Not more than one output should be shorted at a time. 
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CIRCUIT TYPES SN54181, SN74181 
ARITHMETIC LOGIC UNITS/ FUNGION GENERATORS 



switching characteristics, Vqc = 5 V, Ta = 25°C, N = 10 (Cl = 15 pF, Rl = 400 n ] 



PARAMETER •! 


FROM {INPUT} 


TO (OUTPUT) 


TEST FIGURE 


TEST CONDITrONS 


MIN TYP MAX 


UNIT 


tPLH 


Cn 


Cn+4 


7 




12 18 


ns 


tPHL 


13 19 


tPLH 


Cn 


Any F 


M = V 
(SUM orDIFF mode) 


13 19 


ns 


tPHL 


12 18 


tPLH 


Any A or B 


G 


M = V, SO = S3 = 4.5 V, 
SI =S2 = 0V(SUM mode) 


13 19 


ns 


tPHL 


13 19 


tPLH 


Any A or B 


G 


M " V, SO = S3 = V, 
SI =S2 = 4.5 V (DIFF mode) 


17 25 


ns 


tPHL 


17 25 


tPLH 


Any A or B 


P 


M = V, S0 = S3=4.5 V, 
SI =S2 = 0V (SUM mode) 


13 19 


ns 


tpHL 


17 25 


tPLH 


Any A or B 


P 


M = V, S0 = S3 = V, 
SI =S2 = 4.5V (DIFF mode) 


17 25 


ns 


tpHL 


17 25 


tPLH 


Any A or B 


Any F 


M = V,S0 = S3 = 4.5 V, 
SI =S2 = 0V (SUM mode) 


28 42 


ns 


tPHL 


21 32 


tPLH 


Any A or B 


Any F 


M = 0V,S0 = S3 = 0V, 
SI =S2 = 4.5V (dTfF mode) 


32 48 


ns 


tPHL 


23 34 


tPLH 


Any A or B 


Any F 


M = 4.5 V (logic mode) 


32 48 




tPHL 


23 34 




tPLH 


Any A or B 


A = B 


M = 0V,S0 = S3=0V, 
SI =S2 = 4.5 V (DIFF mode) 


35 50 




tPHL 


32 48 





tpLH = propagation cJelay time, low-to-high-level output 
tpHL ^ propagation delay time, high-to-low-level output 
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CIRCUIT TYPES SN54181, SN7418I 

ARITHMETIC LOGIC UNITS/ FUNQION GENERATORS 



functional block diagram 



G or Y 
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d-c test circuits"'' 



PARAMETER MEASUREMENT INFORMATION 



TEST TABLE 



SEE 
TEST 
TABLE 



-O B3 

-O A3 



-O B1 

-O A1 



FO 0- 

A = B 



-l^-nT 



OUTPUT 

UNDER 

TEST 


APPLY ViH 


APPLY V|L 


G 


S3, B3, A3 


S2, S1,S0, 
B2, A2, B1, 
A1,B0, AO 


Cn+4 


S3, S2, B3, 
B2,A2, B1, 
A1,B0,A0 


SI, SO, A3, 
Cn 


P 


S3, S2, B3, A3, 
B2, A2, B1, 
A1,B0, AO 


NONE 


any F or A = B 


S3,S2,S1, 
SO, A3, A2, 
A1, AO, M 


NONE 



Inputs not otherwise specified are connected to ground. 



FIGURE 1-V|H, V|L, Vqh 



TEST TABLE 



SEE 
TEST 
TABLE 



r^'' 



OUTPUT 

UNDER 

TEST 


APPLY V|H 


APPLY V|L 


G 


S3, S2, SO, 
B2, A2, B1, 
A1,B0,A0 


S1,B3,A3 


Cn+4 


S3, A3, A2, 
A1,B0, AO 


82, SI, SO, 
B3, B2, Bl 


P 


82, B3, A3, 
B2, A2, B1, 
A1, BO, AO 


S3 


any F 


S3,S2,S1, 
SO, M, Cn 


A3, A2, Al, 
AO 


A = B 


S3, 82, SI, 
SO, A3, A2, 

A1,IV1, Cp 


AO 



Inputs not otherwise specified are connected to ground. 



FIGURE 2-V|H, V|l, Vql 

'Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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CIRCUIT TYPES SN54181, SN74181 

ARITHMETIC LOGIC UNITS/ FUNGION GENERATORS 



d-c test circuits^ (continued) 



PARAMETER MEASUREMENT INFORMATION 



SEE 
TEST 
TABLE 



TEST TABLE 



APPLY V| 
MEASURE 
IihOR liL 


CONDITIONS ON OTHER 
INPUTS FOR l|H 


CONDITIONS ON OTHER 
INPUTS FOR l|L 


APPLY 4.5 V 


APPLY GND 


APPLY 4.5 V 


APPLY GND 


SO, S3, 

any A, 
any 8, 
or M 


NONE 


ALL OTHER 
INPUTS 


ALL OTHER 
INPUTS 


NONE 


S1,S2 


BO, 81, 
82, 83 


ALL OTHER 
INPUTS 


A0,A1, 
A2, A3 


ALL OTHER 
INPUTS 


Cn 


ALL OTHER 
INPUTS 


NONE 


NONE 


ALL OTHER 
INPUTS 



Each input is tested separately. 



FIGURE 3-1, „, I, 



SEE 
TEST 
TABLE 



TEST TABLE 



OUTPUT 

UNDER 

TEST 


APPLY 4.5 V 


APPLY GND 


G 


S3, A3, 83 


ALL OTHER 
INPUTS 


Cn+4 


NONE 


ALL OTHER 
INPUTS 


P, FO, F1, 
F2,orF3 


ALL OTHER 
INPUTS 


NONE 



FIGURE 5-lj,j. 

■•"Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 



11 



FIGURE 6-1, 
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CIRCUIT TYPES SN54181, SN7418I 
ARITHMETIC LOGIC UNITS/ FUNGION GENERATORS 



switching characteristics 



PARAMETER MEASUREMENT INFORMATION 



OUTPUTS 

/s 



INPUT O Q 4.5 V 



PULSE 

GENERATOR 

(See Note A) 



INPUT UNDER 
TEST 



OUTPUT 
WAVEFORM 1 



OUTPUT 
WAVEFORM 2 



SEE 
-pl TEST 
TABLES 



SI 

SO 

C|B3 

Ca3 



II O <-l c\j (^ c 

< u. a. u. li. Q^ o (5 
QQQQ OO Q 



-n+4 
P|0 



B2 
A2 
Bl 
Al 
O|B0 
AO 
M 



F2 :> 

Fl O 

Fo|o 
A=B 



T 



Ri_ = 400 n 



? N ^ W N ► ! 



(See NoteC) 



C|_ = 15 pF 
(See Note B) 



LOAD CIRCUIT 1 



"1 LOAD CI RCUITS 2, 3, 4, 5, 6, AND 7 | 



Same as Load Circuit 1 



I 1^ 



Cl= 15 pF 
' \J_' (See Note B) 




LOAD CIRCUIT 8 



VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zqui '^ ^0 il. 

•B. C|_ includes probe and jig capacitance. 

C. All diodes are 1N3064. 

FIGURE 7-PROPAGATION DELAY TIMES 



_l 



VoH 
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CIRCUIT TYPES SN54181 SN74181 

ARITHMETIC LOGIC UNITS/ FUNGION GENERATORS 



PARAMETER MEASUREMENT INFORMATION 
switching characteristics (continued) 

SUivi MODE TEST TABLE 
FUNCTION INPUTS: SO = S3 = 4.5 V, 81 = S2 = M = V 



PARAMETER 


INPUT 

UNDER 

TEST 


OTHER INPUT 
SAME BIT 


OTHER DATA INPUTS 


OUTPUT 

UNDER 

TEST 


OUTPUT 
WAVEFORM 


APPLY 
4.5 V 


APPLY 
GND 


APPLY 
4.5 V 


APPLY 
GND 


tPLH 


A 


B 


None 


Remaining 
A andB 


Cn 


Any F 




tPHL 


tPLH 


B 


A 


None 


Remaining 
A and B 


Cn 


Any F 




tPHL 


tPLH 


A 


B 


None 


None 


Remaining 
A and B, Cp 


P 




tPHL 


tPLH 


B 


A 


None 


None 


Remaining 
A and B, Cr, 


P 




tPHL 


tPLH 


A 


None 


B 


Remaining 
B 


Remaining 
A.Cp 


G 




tPHL 


tPLH 


B 


None 


A 


Remaining 
B 


Remaining 

A. Cn 


G 




tPHL 


tPLH 


Cn 


None 


None 


All 
A 


All 
B 


Any F 
or Cn+4 




tPHL 



DIFF MODE TEST TABLE 
FUNCTION INPUTS: SI = S2 = 4.5 V, SO = S3 = M = V 



PARAMETER 


INPUT 

UNDER 

TEST 


OTHER INPUT 
SAME BIT 


OTHER DATA INPUTS 


OUTPUT 

UNDER 

TEST 


OUTPUT 
WAVEFORM 


APPLY 
4.5 V 


APPLY 
GND 


APPLY 
4.5 V 


APPLY 
GND 


tPLH 


A 


None 


B 


Remaining 
A 


Remaining 
B.Cn 


Any F 


1 


tPHL 


*PLH 


B 


A 


None 


Remaining 
A 


Remaining 
B.Cn 


Any F 


2 


tPHL 


«PLH 


A 


None 


8 


' Remaining 
None 


P 


1 


tPHL 




A and B, C„ 


tPLH 


B 


A 


None 


None 


Remaining 
A and B, Cn 


P 


2 


<PHL 


tPLH 


A 


B 


None 


None 


Remaining 
A and B, Cn 


G 


1 


tPHL 


tpLH 


B 


None 


A 


None 


Remaining 
A and B, Cn 


G 


2 


tPHL 


tPLH 


A 


B 


None 


Remaining 
A 


Remaining 
B.Cn 


A = B 


2 


tPHL 


tPLH 


B 


A 


None 


Remaining 
A 


Remaining 
B.Cn 


A = B 


2 


tPHL 


<PLH 


Cn 


None 


None 


All 
A and B 


None 


Cn+4 


2 


tPHL 



LOGIC MODE TEST TABLE 
FUNCTION INPUTS: SI = S3 = M = 4.5 V, SO = S2 = V 



PARAMETER 


INPUT 

UNDER 

TEST 


OTHER INPUT 
SAME BIT 


OTHER DATA INPUTS 


OUTPUT 

UNDER 

TEST 


OUTPUT 
WAVEFORM 


APPLY 
4.5 V 


APPLY 
GND 


APPLY 
4.5 V 


APPLY 
GND 


tPLH 
tPHL 


A 


None 


B 


None 


Remaining 
A and B, On 


Any F 


2 


tPLH 
tPHL 


B 


None 


A 


None 


Remaining 
A and B, C„ 


Any F 


2 
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CIRCUIT TYPES SN54181, SN74iai 
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TYPICAL APPLICATION DATA 



Typical addition times for various configurations are given in tine 
table below. Subtraction times are in the same range as summa- 
tion times. 

TYPICAL ADDITION TIMES 



r 





















Cn 


C„^4 




^^ 


C„-4 






C„ C„44 




c„ c„.4 













16-BIT ALU, RIPPLE CARRY 

SN54181 orSN74181 '' 



NO. OF 
BITS 


TOTAL 

ADDITION TIME 

Ins) 


ADD TIME 
PER BIT 

(nsl 


PACKAGE COUNT 


CARRY 
BETWEEN ALU's 


SN54181/ 
SN74181 


SN54182/ 
SN74182 


4 


24 


6.0 


1 




NONE 


8 


36 


4.5 


2 




RIPPLE 


12 


48 


4.0 


3 \ 


RIPPLE 


12 


36 


3.0 


3 1 


FULL LOOK-AHEAD 


16 


60 


3.8 


4 


RIPPLE 


16 


36 


2.2 


4 


1 


FULL LOOK-AHEAD 


32 


120 


3.8 


8 




RIPPLE 


32 


96 


3.0 


8 


1 


PARTIAL LOOK-AHEAD 


32 


72 


2.2 


8 


2 


PARTIAL LOOK. AHEAD 


32 


60 


1.9 


8 


3 


FULL LOOK-AHEAD 



3^54182 or SN74182 



TT 



16-BIT ALU, TWO-LEVEL LOOK-AHEAD 



-SN54181 orSN74181- 



SN54182orSN74182 



SN54182 or SN74182 



TT 



32-BIT ALU, TWO-LEVEL LOOK-AHEAD OVER 16-BIT GROUPS 

^^— — — — ^^— — ^— — ^— ^^— SN54181 or SM74t81 — 



c» 


C„^.4 




Cn 


C„^4 






C„ 






'^r, 


G 






C. 




C. 


c„. 








































li 






I 


i 






\\ 






li 












^0 ""o 


C„-x 


G, 


>■, <;„,^ Gj P2 


C„.z 


.... 1 
















s^ 


51 


,82 


„SN74182 








G P 


J 



TT 



n 



T!^ 



COMBINED TWO-LEVEL LOOK-AHEAD AND RIPPLE-CARRY ALU 



-SN54181 orSN74181 



n 



SN54182orSN74182 



^2 "^2 *-n+z 
rSN74182 



^0 ^0 
SN54182 c 



SN74182\ 



SN54182or SN7' 



L 



64-BIT ALU, FULL-CARRY LOOK-AHEAD IN THREE LEVELS 
A and B inputs and F outputs are not shown. 



71 PRINTED IN U.S A. 

11 cannot assume any responsibility for any circuits shown 
or represent that they are free from patent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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CIRCUIT TYPES SN54182, SN74182 
LOOK-AHEAD CARRY GENERATORS 



PIN DESIGNATIONS 



DESIGNATION 


PIN NOS. 


FUNCTION 


GO, G1,G2, 03 


3, 1, 14,5 


ACTIVE-LOW 
CARRY GENERATE INPUTS 


PO, PI, P2, P3 


4,2, 15,6 


ACTIVE-LOW 
CARRY PROPAGATE INPUTS 


Cn 


13 


CARRY INPUT 


^n+x, '-n+Y, 
Cn+z 


12, 11,9 


CARRY OUTPUTS 


G 


10 


ACTIVE-LOW 
CARRY GENERATE OUTPUT 


P 


7 


ACTIVE-LOW 
CARRY PROPAGATE OUTPUT 


vcc 


16 


SUPPLY VOLTAGE 


GND 


8 


GROUND 



JOHN DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW) + 



INPUTS OUTPUTS 

, ft ^ I 

^CC P2 G2 ^n C„ 



''iW^x ^[Hy G 



JimjiHRmmmiTi- 



o 



I 



P2 G2 C„ C„+^ C„+„ G 



PI GO PO G3 P3 P 



M M M 



ULfliALflLlliJlinjJlL 



logic: see description 



tPin assignments for these circuits are the same 
description for all packages. 

The SN54182, SN74182 is a high-speed, look-ahead carry generator capable of anticipating a carry across four binary 
adders or group of adders. It is cascadable to perform full look-ahead across n-bit adders, with only 13 nanoseconds 
delay for each level of look-ahead. Carry, generate-carry, and propagate-carry functions are provided as enumerated in 
the pin designation table above. 

The SN54182 or SN74182, when used in conjunction with the SN54181 or SN74181 arithmetic logic unit (ALU), 
provides full high-speed carry look-ahead capability for up to n-bit words. Each SN54182/SN74182 generates the 
look -ahead (anticipated carry) across a group of four ALUs and, in addition, other carry look-ahead circuits may be 
employed to anticipate carry across sections of four look-ahead packages up to n-bits. Applications data for the 
SN54181/SN74181 illustrates cascading of SN54182/SN74182 circuits to perform multi-level look-ahead. 

Carry inputs and outputs of the SN54181/SN74181 are in their true form and the carry propagate (P) and carry 
generate (G) are in negated form; therefore, the carry (input, outputs, generate, and propagate) functions of the 
look-ahead circuit are implemented in the compatible forms. Reinterpretations of carry functions at the 
SN54181/SN74181 are also applicable and compatible with the look-ahead package. Logic equations are: 

Cn+x = Go + PoCn 

Cn+y = Gi+PiGo + PlPoCn 

Cn+z = G2 + P2G1 + P2P1G0 + P2PlP0Cn 

G = G3 + P3G2 + P3P2G1 + P3P2P1G0 



P = P3P2PiPo 
Inputs of the SN54182/SN74182 are diode-clamped to minimize transmission-line effects, and Darlington outputs are 
employed to improve turn-off times and reduce propagation delay times. Typically, the average carry time is 13 
nanoseconds, and power dissipation is typically 180 milliwatts or 1 1 milliwatts per gate. The SN54182 is characterized 
for operation over the full military temperature range of — 55°C to 125°C; the SN74182 is characterized for operation 
from 0°C to 70°C. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vqc (see Note 1 ) 7 V 

Input voltage (see Note 1) 5.5 V 

Interemitter voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN541 82 Circuits — 55°Cto125°C 

SN74182 Circuits 0°Cto70°C 

Storage temperature range -65°Cto150°C 

NOTES: 1 . Voltage values are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies to each G input in 
conjunction with any other G input or in conjunction with any P input. 



9-326 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



CIRCUIT TYPES SN54182, SN74182 
LOOK-AHEAD CARRY GENERATORS 



recommended operating conditions 





SI\I54182 


SN74182 


UNIT 


MIN NOM 


MAX 


MIN NOM 


MAX 


Supply voltage Vqc 


4.5 5 


5.5 


4.75 5 


5.25 


V 


Normalized fan-out from each output, N 


High logic level 


20 


20 




Low logic level 


10 


10 


Operating free-air temperature range, T^ 


-55 25 


125 


25 


,0 


°c 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST conditions!^ 


MIN TYPI MAX 


UNIT 




V|H High-level input voltage 


1 and 2 




2 


V 




V| L Low-level input voltage 


1 and 2 




0.8 


V 




^OH High-level output voltage 


1 


Vcc = IVllN, V|H = 2V, 
V|i_=0.8V, loH = -800 mA 


2.4 


V 




Vql Low-level output voltage 


2 


Vcc=MIN, V|H = 2V, 
V|L = 0.8V, loL=16mA 


0.4 


V 




l|H High-level input current (Cp input) 


3 


Vcc = MAX, V| = 2.4 V 


80 


HA 




1 1 H High-level input current (P3 input) 


120 


mA 




llH High-level input current (P2 input) 


160 


mA 




l||-l High-level input current (PO, PI, or G3 input) 


200 


mA 




llH High-level input current (G0orG2 input) 


360 


mA 




l|H High-level input current (G1 input) 


400 


mA 




l|H High-level input current (any input) 


3 


Vcc=MAX, V| = 5.5V 


1 


mA 




1 1 1_ Low-level input current (Cn input) 


3 


Vcc = I^AX' V| = 0.4 V 


-3.2 


mA 




l|L Low-level input current (P3 input) 


-4.8 


mA 




1 1 L Low-level input current (P2 input) 


-6.4 


mA 




l|L Low-level input current (PO, PI, or G3 input) 


-8 


mA 




l|L Low-level input current (GO or G2 input) 


-14.4 


mA 




1 1 L Low-level input current (G 1 input) 


-16 


mA 




'OS Short-circuit output current§ 


4 


Vcc = MAX 


-40 -100 


mA 




'CCH Supply current, all outputs high 


5 


Vcc = MAX 


SN54182 


27 


mA 




SN74182 


27 


^■^^^^^1 


'CCL Supply current, all outputs low 


6 


Vcc = MAX 


SN54182 


45 65 


mA 


Hi^^^l 


SN74182 


45 72 





I^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

type. 
JaII typical values are at V^c = 5 V, T^ = 25° C. 
SNot more than one output should be shorted at a time and duration of the short-circuit test should not exceed 1 second. 



switching characteristics, Vcc = 5 V, Ta = 25°C, N = 



10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Propagation delay time, low-to- 

tPLH 

high-level output 


7 


CL=15pF, RL = 400n 




11 


17 


ns 


Propagation delay time, high-to- 

tPHL 

low-level output 




15 


22 


ns 
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CIRCUIT TYPES SN54182, SN74182 
LOOK-AHEAD CARRY GENERATORS 



functional block diagram 



P3 0- 



G3 0- 



P2 0- 



G2 0- 



P10- 



G10- 



r> 



> 



^s^ 




-o p 




-O G 



-O C_ 



D-a:>-" 




■O ^n+x 
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CIRCUIT TYPES SN54182, SN74182 
LOOK-AHEAD CARRY GENERATORS 



d-c test circuits^! 



PARAMETER MEASUREMENT INFORMATION 



o ► 



SEE 

TEST 

TABLE 



O P2 
O G2 
P1 
O G1 
O PO 
-0 GO 
C 



^n+y 



>— O 



">^0H 
? 1 ♦ 



i 



t 



TEST TABLE 



OUTPUT 

UNDER 

TEST 


APPLY V|H 


APPLY V|L 


P 


PO 


P3, P2, PI 


G 


P3, G3 


P2, P1,G2, 
G1,G0 


Cn+z 


P2, P1,P0, 
G1,G0 


G2,Cn 


Cn+v 


P1,P0, GO 


G1,Cn 


Cp+x 


PO 


GO,Cn 



Inputs not otherwise specified 
are connected to ground. 



FIGURE 1-V,„.V,L.Vo^^ 



SEE 
TEST 
TABLE 



P3 
G3 
P2 
G2 
PI 
G1 
PO 
GO 

Ac 



'cc 



— o 



■'n+y 



TEST TABLE 



^ 



i 



I 



OUTPUT 

UNDER 

TEST 


APPLY V|H 


APPLY V|L 


P 


NONE 


P3, P2, 
P1,P0 


G 


P3, P2, P1,G2, 
G1,P0, GO 


G3 


Cfi+z 


P2, G2, Cn 


PI.GI, 
PO, GO 


Cn+y 


P1,Gl,Cn 


PO, GO 


Cn+x 


PO, GO, Cn 


NONE 



Inputs not otherwise specified 
are connected to ground. 



FIGURE 2-V,„,V,L,VoL 



^Arrows ir»dicate actual direction of current flow. Current into a terminal is a positive value. 
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CIRCUIT TYPES SN54182, SN74182 
LOOK-AHEAD CARRY GENERATORS 



PARAMETER MEASUREMENT INFORMATION 



d-c test circuits§ (continued) 



4.5 V 
O 



SEE 
TEST 
TABLE 



rL _n 



TEST TABLE 



S OPEN 



APPLY V|, 

MEASURE 

'iH-'lL 


CONDITIONS ON OTHER 
INPUTS FOR l|H 


CONDITIONS ON OTHER 
INPUTS FOR l||_ 


APPLY 4.5 V 


APPLY GND 


APPLY 4.5 V 


APPLY GND 


any P, 
orCn 


NONE 


ALL OTHER 
INPUTS 


ALL OTHER 
INPUTS 


NONE 


any G 


Cn 


ALL OTHER 
INPUTS 


ALL OTHER 
INPUTS 


Cn 



Each input is tested separately. 
FIGURE 3-l|H,l|L 



TEST TABLE 



SEE 
TEST 
TABLE 



P3 
G3 
P2 
'dG2 
O PI 
C G1 
C PO 
-C GO 
C 



D — O 



FIGURE 4-los 



OUTPUT 

UNDER 

TEST 


APPLY 4.5 V 


APPLY GND 


P 


P3, P2, P1,P0 


ALL OTHER 
INPUTS 


G 


ALL OTHER 
INPUTS 


Cn 


Cn+z 


Cn 


ALL OTHER 
INPUTS 


Cn+Y 


Cn 


ALL OTHER 
INPUTS 


Cn+x 


Cn 


ALL OTHER 
INPUTS 











9|'CCH 












<J>|'CCL 




•s 








P3 p 

G3 

P2 G 

G2 

G1 

PO %^, 
GO 




^ 




P3 p 

G3 

P2 G 

G2 

G1 

PO c^+^ 
GO 






!_ 









> OPEN 










Q 


























t 


Q 


> OPEN 


















( 


































■^ 










^ 






F 


IGURE 5-lcCH 






_L 

FIGURE 6-lcCL 







S Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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CIRCUIT TYPES SN54182, SN74182 
LOOK-AHEAD CARRY GENERATORS 



switching characteristics 



PULSE 
GENERATOR 
(See Note A) 



(See Note D) 



4.5 V< 



JT^ 



PULSE 
GENERATOR 
(See Note A) 



PARAMETER MEASUREMENT INFORMATION 



OUTPUTS 



INPUTP3 
Q 



O "=■ 

INPUT C„ 



CC 

o 



'n+y 



T 



'n+z n+x 



9 G ? Cn+y O 



R, =400n 



t w ^ www 



(See Note C) 
C^= 15 pF 

(See Note B) 



LOAD CIRCUIT 1 



LOAD CIRCUITS 2, 3, 4, and 5 
(Same as Load Circuit 1) 



TEST CIRCUIT 



< 7 ns 




OUTPUT 
C,+^,C,+y,C,+,.G,ORP 



PLH 





1.5 V 



-10% 




3V 



r 'PHL ~^^ 

VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following-characteristics: PRR = 1 MHz, Zq^^ » 50 f2, duty cycle = 50%. 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1N3064. 

D. Apply 4.5 V for all tests except G output. When testing G output, apply ground. 

FIGURE 7-PROPAGATION DELAY TIMES 



'OH 



,■^ PP.NIED IN USA 

Tl connol ossume any fesponsibilily for any tircgits shown 
Of represent Ihol Ihejf ore free from poleni infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TTL 
MSI 



CIRCUIT TYPES SN54H183, SN74H183 
DUAL CARRY-SAVE FULL ADDERS 



logic 



For Use in Muitipie-lnput Carry-Save Adders 

High-Speed, High-Fan-Out Darlington Outputs 

Input Clamping Diodes Simplify System Design 

Compatible with Most TTL and DTL Circuits 

Typical Average Sum and Carry Propagation Delays: 11 ns 

Typical Power Dissipation: 110 mW per Bit 



J OR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW) + 



TRUTH TABLE 



INPUTS 


OUTPUTS j 


Cn 


B 


A 


2 


Cn+1 


L 


L 


L 


L 


L 


L 


L 


H 


H 


L 


L 


H 


L 


H 


L 


L 


H 


H 


L 


H 


H 


L 


L 


H 


L 


H 


L 


H 


L 


H 


H 


H 


L 


L 


H 


H 


H 


H 


H 


H 



H = high level, L = low level 



^CC 2A 2B ^n ^'■'ti+l NC 21 



lifiiJiiiiiiijjuiiir 

1A NC IB 1C„ 1C„,, 11 GND 



positive logic: See truth table 



NC— No internal connection 

TPin assignments for these circuits are the same 
for all packages. 



description 



This dual full adder features an individual carry output from each bit for use in multiple-input, carry-save techniques to 
produce the true sum and true carry outputs with no more than two levels of logic. The circuit utilizes high-speed, 
high-fan-out, transistor-transistor logic (TTL), but is compatible with both DTL and TTL families. Typical average sum 
and carry propagation delay times are 11 nanoseconds each. Typical power dissipation is 110 milliwatts per bit. The 
SN54H183 Is characterized for operation over the full military temperature range of — 55°C to 125°C, and the 
SN74H183 is characterized for operation from 0°C to 70°C. 
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CIRCUIT TYPES SN54H183, SN74H183 
DUAL CARRY-SAVE FULL ADDERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vcc (see Note 1) 7V 

Input voltage (see Note 1) 5.5 V 

Interemitter voltage (see Note 2) 5.5 V 

Operating free-air temperature range, Ta: SN54H 183 Circuits -55°Cto125°C 

SN74H 183 Circuits 0°Cto70°C 

Storage temperature range —65 C to 150 C 

NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal. 
2. This is the voltage between two emitters of a multiple-emitter transistor. 



recommended operating conditions 





SN54H183 


SN74H183 


UNIT 


MIN NOM 


MAX 


MIN NOM 


MAX 


Supply voltage Vqq 


4.5 5 


5.5 


4.75 5 


5.25 


V 


Normalized fan-out from each output, N 


High logic level 


20 


20 




Low logic level 


10 


10 




Operating free-air temperature range, T/^ 


-55 25 


125 


25 


70 


°c 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS^ 


MIN 


TYPt 


MAX 


UNIT 




V|H 


High-level input voltage 


1 




2 


V 




V|L 


Low-level input voltage 


2 




0.8 


V 




Vqh 


High-level output voltage 


1 


Vcc = MIN, V|H = 2V, 
Iqh = -1 nfiA 


2.4 


V 




Vol 


Low-level output voltage 


2 


Vcc = MIN, V|L = 0.8V, 
Iql = 20 mA 


0.4 


V 




llH 


High-level input current at any input 


3 


Vcc = MAX, V| = 2.4 V 


150 


mA 


^F^^^^^l 


Vcc = MAX, V| = 5.5 V 


1 


mA 


■!■■■ 


l|L 


Low-level input current at any input 


3 


Vcc = MAX, V| = 0.4 V 


-6 


mA 




'OS 


Short-circuit output current§ 


4 


Vcc = MAX 


-40 




-100 


mA 




ICCL 


Supply current, all outputs low 


5 


Vcc = MAX, 
Vi =0 


SN54H183 




48 


69 


mA 




SN74H183 




48 


75 




ICCH 


Supply current, all outputs high 


5 


Vcc = MAX, V| = 4.5 V 


40 


mA 





■^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 
JaII typical values are at V^c ^ 5 V, T^ = 25 C. 
§ Not more than one output should be shorted at a time, and duration of the short circuit test should not exceed 1 second. 

switching characteristics, VcC = 5 V, Ta = 25°C, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Propagation (delay time, 

tpi LJ 

low-to-hlgh-level output 


6 


CL = 25pF, 
RL=280n 


10 15 


ns 


Propagation delay time, 

tpu 1 

high-to-low-level output 


12 18 


ns 
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CIRCUIT TYPES SN54H183, SN74H183 
DUAL CARRY-SAVE FULL ADDERS 



functional block diagram (each adder) 



INPUTS < 




> OUTPUTS 
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CIRCUIT TYPES SN54H183, SN74H183 
DUAL CARRY-SAVE FULL ADDERS 



schematic (each adder) 



INPUTS < B O 




Component values shown are nominal. 
"X^.-Vccbus 
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CIRCUIT TYPES SN54H183, SN74H183 
DUAL CARRY-SAVE FULL ADDERS 



PARAMETER MEASUREMENT INFORMATION 



d-c test circuits^ 



^IH^ 




Each output is tested separately. 
FIGURE 1-V,„.VoH 



V,, O n 




Each output is tested separately. 
FIGURE 2-Vu^, Vqi^ 



4.5 V 
O 



'CC 



TEST TABLE 



'IH 



V, O- 



SEE 
NOTE 
AND 
TEST 
TABLE 





A 

S 
8 









OPEN 



OPEN 



T 



Each input is tested for both 
combinations of states of the other inputs. 



APPLY V|, 
MEASURE 

•ih/>il 


CONDITIONS ON 
OTHER INPUTS 


4.5 V 


GND 


A 


B,Cn 


NONE 


B 


Cn 


Cn 


B 


NONE 


B,Cn 


8 


A,Cn 


NONE 


A 


Cn 


Cn 


A 


NONE 


A,Cn 


Cn 


A, 8 


NONE 


A 


B 


8 


A 


NONE 


A, B 











FIGURE 3-1, ^,1,^^ 










O 




'CCH 9 'CCL 






A 

2 
B 

Cn+1 








A 
B 








\ 




Vi n 1 




OPEN 






O 










OPEN 






^n 




^ 


'OS 

r 






Cn 


















■Xr 




r 




■L 






Each output is tested separately. 




Both adders are tested simultaneously. 






FIGURE 4- 


'os 








FIGL 


RE5-lccH.'c 


CL 



Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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CIRCUIT TYPES SN54H183, SN74H183 
DUAL CARRY-SAVE FULL ADDERS 



PARAMETER MEASUREMENT INFORMATION 



switching characteristics 



PULSE 

GENERATOR 

(See Note A) 




TEST CIRCUIT 



<10ns 



INPUT 




OUTPUT 
WAVEFORM 1 



OUTPUT 
WAVEFORM 2 






<10ris 



10% 




WL 




OV 



'OH 



'OH 



VOLTAGE WAVEFORMS 



NOTES: A. The generator has the following characteristics: PRR = 1 MHz, Z^ut "^ ^0 fi. 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1 N3064. 



FIGURE 6-PROPAGATION DELAY TIMES 
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CIRCUIT TYPES SN54H183, SN74H183 
DUAL CARRY-SAVE FULL ADDERS 



PARAMETER MEASUREMENT INFORMATION 
switching characteristics (continued) 

TEST TABLE FOR FIGURE 6 (EACH ADDER) 



TEST 
NO. 


PARAMETER 


APPLY 

PULSE 

GENERATOR 


APPLY 
3V 


APPLY 
GND 


OUTPUT 

UNDER 

TEST 


OUTPUT 
WAVEFORM 


1 


tPLH 


A 


B,Cn 




2 


1 


2 


tPHL 


3 


tPLH 


A 


B 


Cn 


S 


2 


4 


tPHL 


5 


tPLH 


A 


Cn 


B 


£ 


2 


6 


tPHL 


7 


tPLH 


A 




B,Cn 


2 


1 


8 


tPHL 


9 


tPLH 


A 


B 


Cn 


Cn+1 


1 


10 


tPHL 


11 


tPLH 


A 


Cn 


B 


Cp+I 


1 


12 


tPHL 


13 


tPLH 


B 


A,Cn 




2 


1 


14 


tPHL 


15 


tPLH 


B 


A 


Cn 


2 


2 


16 


tPHL 


17 


tPLH 


B 


Cn 


A 


£ 


2 


18 


tPHL 


19 


tPLH 


B 




A,Cn 


2 


1 


20 


tPHL 


21 


tPLH 


B 


A 


Cp 


Cn+1 


1 


22 


tPHL 


23 


tPLH 


B 


Cn 


A 


Cn+1 


1 


24 


tPHL 


25 


tPLH 


Cn 


A, B 




2 


1 


26 


tPHL 


27 


tPLH 


Cn 


A 


B 


2 


2 


28 


tPHL 


29 


tPLH 


Cn 


B 


A 


2 


2 


30 


tPHL 


31 


tPLH 


Cn 




A,B 


2 


1 


32 


tPHL 


33 


tPLH 


Cn 


A 


B 


Cn+1 


1 


34 


tPHL 


35 


tPLH 


Cn 


B 


A 


Cn+1 


1 


36 


tPHL 
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m CIRCUIT TYPES SN54150, SN54151, SN54152, SN74150, SN74151, SN74152 
MSI DATA SELECTORS/MULTIPLEXERS 



features 



• selects one-of -sixteen (or one-of- 
eight) data sources 

• serves as a five-variable -function 
generator {SN54150, SN74150) 

• performs parallel-to-serial conver- 
sion 

• permits multiplexing from N lines 
to 1 line 

• input-clamping diodes simplify 
system design 

• typical propagation delay times: 

through 4 select levels — 28 ns 
through 3 select levels — 20 ns 
data input to output — 10 ns 



• high fan-out, low 
totem-pole outputs 



impedance. 



• fully compatible with TTL, DTL 
and other MSI circuits 



description 



SN54150, SN74150 
J OR N DUAL-IN-LINE OR W FLAT PACKAGE (TOP VIEW) + 



^ / 

'CC 8 



DATA INPUTS 

A 



10 11 



24 . 23 _ 22 _ 21 . 20 _ 19 _ 18 _ 17 _ 16 . 15 . 14 _ 13 



— V r- 

16 A 



DATA SELECT 



■^ 



DTLrii 



TfTT 

nPsT?R5i 



10 ■ 11 ■ 12 



V 

DATA INPUTS 



E W D GND 

OUT- DATA 
PUT SELECT 



positive logic 



W - S (aBCGEq + aSCGE 1 * ;(bC6E2 + ABC6E3 + A§C5E4 + ABCDE5 + ABC5Eg + ABCSE7 
ABCoEg-f ABCDE9 + ABCDE10 + ABCDEfi + ABCDE^j * ABCDE13 + ABCDE14 + ABCDE^s) 



SN54151,SN74151 

J OR N DUAL-IN-LINE OR 

W FLAT PACKAGE (TOP VIEW)"!" 



SN54152, SN74152 

W FLAT PACKAGE 

(TOP VIEW) 



DATA SELECT 



CC 4 5 6 7ABC 




LLnAfllRiillJllJU^^ 

,3 21 ,>Y W. t GND 



DATAINPUTS OUTPUTS STROBE 

poiitiw logic 

Y - S(A§COo + ABCDi + ABCD2 + ABCD3 
+ ABCD4 + ABCO5 + ABCDs + ABCD7) W - 



® ® ® ® ® ® 
I I 



Iftt 



I 



if 



® ® ® ® ® ® 



2 1 / W GND 

» INPUTS OUTPUT 



poritiv* logSc~ 
- (abCdq + aSCdi + ABC03 + ABCO4 

+ AiCOs + ABCPe * ABCD7) 



tpin assigments for these circuits are tine same for all packages. 

Each of these monolithic, data selectors/multiplexers contain inverter/drivers to supply fully complementary, on-chip, 
binary decoding data selection to the AND-OR-INVERT gate. The SN54151/74151 features complementary outputs 
whereas the SN54150/SN74150 and SN54152/SN74152 have inverted outputs only. The SN54150/SN74150 and 
SN54151/SN74151 circuits are provided with a strobe-input which, when taken to a logical 0, enables the function of 
these multiplexers. 

These data selectors/multiplexers are fully compatible for use with other TTL or DTL circuits. Each input represents 
only one normalized Series 54/74 load, and full fan-out to 10 normalized Series 54/74 loads is available from each of 
the outputs in the logical state. A fan-out to 20 normalized Series 54/74 loads is provided in the logical 1 state to 
facilitate connection of unused inputs to used inputs. Typical power dissipations are: 

SN54150/SN74150 - 200 milliwatts 

SN54151/SN74151 - 145 milliwatts 

SN54152/SN74152 - 130 milliwatts 
These data selectors feature Series 54H/74H circuitry for the OR function. This is done to minimize the capacitive 
effects of paralleling the phase-splitter transistors and thus reduce the propagation delay time. The SN54150, SN54151 , 
and SN54152 are characterized for operation over the full military temperature range of -55°C to 125°C; and the 
SN74150, SN74151 and SN74152 are characterized for operation from0°C to 70°C. 
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CIRCUIT TYPES SN54150, SN54I51, SN54152, SN74150, SN74151, SN74152 
DATA SELECTORS/MULTIPLEXERS 



logic 



TRUTH TABLE (SN54150/SN74150 ONLY) 



INPUTS 


OUTPUT 


D C B A 


STROBE 


Eo 


El 


E2 


E3 


E4 


E5 


E6 


E? 


E8 


Eg 


ElO 


Ell 


El2 


El3 


El4 


El5 


w 


X X X X 


1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 











X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 








1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 





1 





X 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 


1 





X 


1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 





10 





X 


X 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 


10 





X 


X 


1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 





11 





X 


X 


X 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 


11 





X 


X 


X 


1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 





10 





X 


X 


X 


X 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 


10 





X 


X 


X 


X 


1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 





10 1 





X 


X 


X 


X 


X 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 


10 1 





X 


X 


X 


X 


X 


1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 





110 





X 


X 


X 


X 


X 


X 





X 


X 


X 


X 


X 


X 


X 


X 


X 


1 


110 





X 


X 


X 


X 


X 


X 


1 


X 


X 


X 


X 


X 


X 


X 


X 


X 





111 





X 


X 


X 


X 


X 


X 


X 





X 


X 


X 


X 


X 


X 


X 


X 


1 


111 





X 


X 


X 


X 


X 


X 


X 


1 


X 


X 


X 


X 


X 


X 


X 


X 





10 





X 


X 


X 


X 


X 


X 


X 


X 





X 


X 


X 


X 


X 


X 


X 


1 


10 





X 


X 


X 


X 


X 


X 


X 


X 


1 


X 


X 


X 


X 


X 


X 


X 





10 1 





X 


X 


X 


X 


X 


X 


X 


X 


X 





X 


X 


X 


X 


X 


X 


1 


10 1 





X 


X 


X 


X 


X 


X 


X 


X 


X 


1 


X 


X 


X 


X 


X 


X 





10 10 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 





X 


X 


X 


X 


X 


1 


10 10 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 


X 


X 


X 


X 


X 





10 11 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 





X 


X 


X 


X 


1 


10 11 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 


X 


X 


X 


X 





110 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 





X 


X 


X 


1 


110 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 


X 


X 


X 





110 1 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 





X 


X 


1 


110 1 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 


X 


X 





1110 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 





X 


1 


1110 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 


X 





1111 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 





1 


1111 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 






When used to indicate an input condition,X = LOGICAL 1 OR LOGICAL 



9-340 



CIRCUIT TYPES SN54150, SN54151, SN54152, SN74150, SN74151, SN74152 

DATA SELECTORS/MULTIPLEXERS 



logic (continued) 



TRUTH TABLE {SN54151/SN74151 AND SN54152/SN74152 ONLY) 



INPUTS 


OUTPUTS 1 


C 


B 


A 


STROBE(I) 


Do 


Di 


D2 


D3 


D4 


D5 


D6 


D7 


Yd) 


w 


X 


X 


X 


1 


X 


X 


X 


X 


X 


X 


X 


X 






















X 


X 


X 


X 


X 


X 


X 





- — 














1 


X 


X 


X 


X 


X 


X 


X 


1 
















X 





X 


X 


X 


X 


X 


X 


















X 


1 


X 


X 


X 


X 


X 


X 


1 








1 







X 


X 





X 


X 


X 


X 


X 










1 







X 


X 


1 


X 


X 


X 


X 


X 


1 







1 







X 


X 


X 





X 


X 


X 


X 










1 







X 


X 


X 


1 


X 


X 


X 


X 


1 














X 


X 


X 


X 





X 


X 


X 

















X 


X 


X 


X 


1 


X 


X 


X 


1 















X 


X 


X 


X 


X 





X 


X 







1 










X 


X 


X 


X 


X 


1 


X 


X 


1 





1 


1 








X 


X 


X 


X 


X 


X 





X 









1 








X 


X 


X 


X 


X 


X 


1 


X 


1 







1 







X 


X 


X 


X 


X 


X 


X 












1 







X 


X 


X 


X 


X 


X 


X 


1 


1 






1. SN54151/SN74151 only. 

2. When used to indicate an inp 



ut, X = irrelevant. 



absolute maximum ratings (over operating temperature range unless otherwise noted) 

Supply Voltage Vcc (See Note 1) 7V 

Input Voltage,Vin (See Note 1) ^- ■ 5.5^V 

Operating Free-Air Temperature Range: SN54150, SN54151, SN54152 Circuits -55°Cto125°C 

SN74150,SN74151,SN74152 Circuits 0°C to 70°C 

Storage Temperature Range , —65 C to 150 C 



recommended operating conditions 

Supply Voltage Vqc (See Note 1): SN54150, SN54151, SN54152 Circuits 

SN741 50, SN741 51 , SN741 52 Circuits 

Normalized Fan-Out from Each Output (N): Logical 

Logical 1 



MIN NOM MAX 


UNIT 


4.5 5 5.5 


V 


4.75 5 5.25 


V 


10 




20 
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CIRCUIT TYPES SN54150; SN54151, SN54152, SN74150, SN74151, SN74152 
DATA SELECTORS/MULTIPLEXERS 



electrical characteristics over recommended operating temperature range {unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONSt 


MIN TYPt MAX 


UNIT 


Input voltage required to ensure 
'"' logical 1 at any input terminal 


1 




2 


V 


Input voltage required to ensure 
'" logical at any input terminal 


,2 




0.8 


V 


Vout( 1 ) l-ogical 1 output voltage 


1 

AND 
2 


Vcc = WIN. Vind) = 2 V, Vjnio) = 0.8 V, 
l|oad = -800 mA 


2.4 


V 


Vout(O) Logical output voltage 


1 

AND 
2 


Vcc = MIN, Vin(i)=2V, Vjn^o) = 0.8 V, 
'sink = 16 mA 


0.4 


V 


Logical 1 level input current 
''"'^' (each input) 


3 


Vcc = MAX, Vjn = 2.4 V 


40 


mA 


Vcc = MAX, Vjn = 5.5 V 


1 


mA 


Logical level input current 
''"<°> (each input) 


3 


Vcc = MAX, Vjn = 0.4 V 


-1.6 


mA 


IqS Short circuit output current ^ 


4 


Vcc = MAX, 
Vout = 


SN54150, SN54151,SN54152 


-20 -55 


mA 


SN74150, SN74151, SN74152 


-18 -55 


mA 


Supply current 
^^ (SN54150/SN74t50) 


5 


Vcc = MAX, Vjn = 4.5 V 


40 68 


mA 


Supply current 
'^^ ;SN54151/SN74151) 


5 ■ 


Vcc = MAX, Vjn = 4.5 V 


29 48 


mA 


Supply current 
^^ (SN54152/SN74152) 


5 


Vcc = MAX, Vjn = 4.5 V 


26 43 


mA 



switching characteristics, Vcc = 5 V, Ta = 25°C, N = 10 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpdO 


A, B.or C 
(4 levels) 


Y 


6 


Cj^=15pF Rl=400O 


20 30 


ns 


tpdl 


A, B.or C 
(4 levels) 


Y 


35 52 


ns 


tpdO 


A, B, Cor D 
(3 levels) 


W 


22 33 


ns 


tpdl 


A, B, Cor D 
(3 levels) 


W 


23 35 


ns 


tpdO 


STROBE 


Y 


19 30 


ns 


tpdl 


STROBE 


Y 


35 52 


ns 


tpdO 


STROBE 


W 


21 30 


ns 


tpdl 


STROBE 


W 


15.5 24 


ns 


tpdO 


Do thru D7 


Y 


16 24 


ns 


tpdl 


Dq thru D7 


Y 


19 29 


ns 


VdO 


Eq thru E-|5, 
Do thru D7 


W 


8.5 14 


ns 


tpdl 


E0tliruEi5, 
Dgthru D7 


W 


13 20 


ns 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

circuit type. 
t AM typical values are at Vgc = 5 V, T^ = 25°C. 
§ Not more than one output of the SN54151/SN741 51 should be shorted at.a time. 
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CIRCUIT TYPES SN54150, SN74150 
DATA SELECTORS/MULTIPLEXERS 



functional block diagram 



STROBE o J^ 

(ENABLE) ^^ 



DATA ^ 
INPUTS 



-QO- 



-30- 



= 50- 



-6°- 



-90- 



-100- 



-11°- 



-12°- 



-130- 



-140- 



-15< 



DATA 
SELECT< 
(BINARY) 



BO- 



Co- 



Do- 



^>-C^^ 



-t>-^^> 



-|>-H> 
■^>>-l-t>>- 




^o — o 



OUTPUT 
W 
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CIRCUIT TYPES SN54151, SN54152, SN74151, SN74152 
DATA SELECTORS/MULTIPLEXERS 



functional block diagram (SN54151, SN74151] 



STROBE 
(ENABLE)* 



-t> 



DATA 
INPUTS 



Do o- 



Di o- 



D2 o- 



D3 o- 



D4 o- 



D5 o- 
D6 ^ 



D7 o- 



t>o-U[>c^ 



DATA 
SELECT <^ 
(BINARY) 



8 o- 



[>>-hU^ 



-p>^41^ 




functional block diagram (SN54152, SN74152) 



Do o- 



Di o- 



D2 o- 



D3 o- 



D4 o- 



D5 o- 
D7 O- 



A o- 



1>A>-^, 



DATA 
SELECT < 
(BINARY) 



B o- 



>>-i-I>^ 



->>-H>>- 



O 



o 



On 



^D 



mD 



OUTPUT Y 
o OUTPUT W 




-o OUTPUT W 
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CIRCUIT TYPES SN54150,SN741S0 
DATA SEIECTORS/MULTIPIEXERS 



schematic 




Component values shown are nominal. 
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CIRCUIT TYPES SN54151, SN74151 
DATA SELECTORS/MULTIPLEXERS 



schematic 




Component values shown are nominal. 
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CIRCUIT TYPES SN54152, SN74152 
DATA SELECTORS/MULTIPLEXERS 



schematic 



DATA 
SELECT <^ B O- 
(BINARYI 




-■-==Jf^Zi? 



. OUTPUT 

w 




-o ^cc 



Component values shown are nominal. 
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CIRCUIT TYPES SN54150,SN54151,SN54152, SN74150, SN74151, SN74152 
DATA SELECTORS/MULTIPLEXERS 



PARAMETER MEASUREMENT INFORMATION 



d-c test circuits'!" 



TEST 

PER 

TRUTH 

TABLE 



TEST 

PER 

TRUTH 

TABLE 




1. Vjn(o) is applied to STROBE; 8-4-2-1 code is 
applied to A, B, C, D; and input/output condition 
is tested for each step of the code. 

2. Vjn(i) is applied to STROBE at which time 
^out(O) '* measured at Y and Vqu^(-]) is measured 

°*^ FIGURE 1 



TEST 

PER 

TRUTH 

TABLE 



Eg or I 
ETOrl 



Y > 



TEST 

PER 

TRUTH 

TABLE 



nl 



^ 



I 

A 

7 



'out(0)| 



ilii 



1. Vjn(o) is applied to STROBE; 8-4-2-1 is applied to 
A, B, C, D: and input/output condition is tested for 
each step of the code. 



FIGURE 2 



TEST TABLE 



INPUT 
CONDITIONS 


TEST 


A 


B 


c 


D 


■in(0) 


'in(l) 














EQorDo 


Ei5orD7 


1 











El orDi 


Ei4orD6 





1 








E2or D2 


Ei3orD5 


1 


1 








Eaor D3 


Ei2or D4 








1 





E4 or D4 


E11 orDs 


1 





1 





E5 or D5 


Eioo''D2 





1 


1 





BQorDe 


Eg or Di 


1 


1 


1 





E7 or D7 


Eg or Dq 











1 


ES 


E7 


1 








1 


Eg 


E6 





1 





1 


E10 


E5 


1 


1 





1 


Ell 


E4 



INPUT 
CONDITIONS 


TEST 


A 


B 


C 


D 


■in(0) 


'in(l) 








1 


1 


E12 . 


E3 


1 





1 


1 


El3 


E2 





1 


1 


1 


El4 


El 


1 


1 


1 


1 


El5 


EO 











A 













B 













C 













D 




1 










A 




1 








B 






1 






C 








1 




D 



1. When testing strobe input, all other inputs are open. rlGURC 3 



"f Arrows indicate actual direction of current flow. Tests as shown, are for the SN54150/SN74150. Identical tests as applicable are 
performed for the SN54151/SN74151 and SN54152/SN74152. 
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CIRCUIT TYPES SN54150,SN54151,SN54152, SN74150, SN74151, SN74152 

DATA SELECTORS/MULTIPLEXERS 



PARAMETER MEASUREMENT INFORMATION 



d-c test circultst (continued) 



? 






vcc 
<?l . 








4.5 V 




\ 




1 


4.5 Vo 


SEE 
NOTES 






A 


















STROBE 
Eg or Do 




^ 


STROBE 
EQOrDo 


















1 




E,orD, 










E,orDi 






i 




E3-D3 










E2-D2 
EjOrDj 










E4 0rD4 


^OS 








E4 0rD4 










EgOrDg Y 


-| 










EgOrDg 


Y 


- — ^ 








EgOrDg 


1 < 








E6°^D6 












E.orD; 






OPEN < 




E.orD, 
Es 






> OPEN 






Eg 

ElO W 
Ell 


— n'os I 








Eg 


W 












I ; 








ElO 
Ell 










E12 












E12 










El3 












El3 










El4 












El4 










El5 












El5 






1 




A B C D 




. 1 




'^ 


ABC 


D 






1 11 I 








1 




















^ 






1 . When testing W output, apply GND to Dq and Eq 

2. When testing Y output of SN541 51/SN74I 51 












apply 4.5 V to Dq and measure IqS- 






■=■ 


FIGURE 4 




FIGURE 5 





^ Arrows indicate actual direction of current flow. Tests, as shown are for the SN54150/SN74150. Identical tests as applicable are 
performed for the SN541 51/SN741 51 and SN541 52/SN741 52. 

switching characteristics^ 



STROBE INPUT O- 



DATA INPUT O- 



rQoru 
E, or[ 
En or C 
E.3 or C 



SELECT 
INPUT 



T 



W 



- ♦ - -M- ^ -►f-W- >l- -. 



T^^ 



H ^ W W W 



FIGURE 6-SWITCHING TIMES (SHEET 1 OF 2) 
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CIRCUIT TYPES SN54150, SN54151,SN54152, SN74150, SN74151, SN74152 
DATA SELECTORS/MULTIPLEXERS 

PARAMETER MEASUREMENT INFORMATION 
switching characteristics (continued) 



'o [♦ ♦! 'i I* 



INPUT 
(See Notes 1 and 4) 



W OUTPUT 




STROBE-TO-OUTPUT VOLTAGE WAVEFORMS 



EqOR 



Dq input 

ISee Notes 2 and 4) 



W OUTPUT 



5|F90% 90% 



I 




DATA INPUT-TO-OUTPUT VOLTAGE WAVEFORMS 



•1 '° r 



-*i ^ r 




INPUT 
(See Notes 3 and 4) ' \J0% 10% 




"^'pdlUJ. 



W OUTPUT 



'pdO 

'pdl-H I* 



-^ouKOl 

*' |»'pdO 

^outdl 



"X ' 1/ 

I ^5V ( yfl.5V 

<pdoJ -^ '■^ ' 

I 

♦• |»'pdO 

? — M 

jfl.BV V1.5V 

/ \_ 

SELECT INPUT-TO-OUTPUT VOLTAGE WAVEFORMS 



NOTES: 1. When measuring strobe-to-output times 
select input is at a logical 0, Eq or Dq 
is at a logical 1, V-) = 4.5 V. 

2. When measuring data input-to-output 
times strobe and select inputs are at a 
logical 0, and V-i = 4.5 V. 

3. When measuring select input-to-output 
times strobe input is at a logical 0, data 
input is at a logical 1, and Vi = 0. 

4. The input pulse has the following 
characteristics: Vjpji) = 3 V, Vjpjg) = 
V, t-i = to = 10 ns, PRR = 1 MHz, 
duty cycle = 50%, and genSrator 
^out ^ 50 fi: 

5. Cl includes probe and jig capacitance. 

6. All diodes are 1N3064. 



FIGURE 6-SWITCHING TIMES (SHEET 2 OF 2) 



■f Tests, as shown, are for the SN54150/SN74150, Identical tests as applicable are performed for the SN541 51 /SN741 51 and 
SN54152/SN74152. 
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CIRCUIT TYPES SN54153, SN74153 
DUAL 4-LINE-T0-14INE DATA SELECTORS/MULTIPLEXERS 



Permits Multiplexing from l\l lines to 1 line 

Performs Parallel-to-Serial Conversion 

Strobe (Enable) Line Provided for Cascading 
(N lines to n lines) 

Typical Average Propagation Delay Times: 

Data Input to Output 14 ns 

Strobe Input to Output .... 17 ns 
Select Input to Output 22 ns 

High-Fan-Out, Low-Impedance, Totem-Pole 
Outputs 

Fully Compatible with most TTL and DTL 
Circuits 



description 



Each of these monolithic, data selectors/multiplexers 
contains inverters and drivers to supply fully comple- 
mentary, on-chip, binary decoding data selection to 
the AND-OR-invert gates. Separate strobe inputs are 
provided for each of the two four-line sections. 

These data selectors/multiplexers are fully compatible 
for use with most TTL and DTL circuits. Each 
diode-clamped input represents only one normalized 
Series 54/74 load, and full fan-out to 10 normalized 
Series 54/74 loads is available from each of the 
outputs in the low-level state. A fan-out to 20 
normalized Series 54/74 loads is provided in the 
high-level state to facilitate connection of unused 
inputs to used inputs. Typical power dissipation is 
180 milliwatts. 



JOR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VI EW)^^ 



STROBE A 
Vcc 2G SELECT^ 



DATA INPUTS 





16 


. 15 . 


. 14 . 


13 . 


. 12 


. 11 . 


10 


9 




t 


1 1 


2C3 2C2 2C1 2C0 2Y 
c 2G 

B B A A 




^ 




\ / 




1 1 1 1 




^ 




=^^^r 


1 






M r 


B8AS 
1C3 1C2 1C1 ICO 1Y 






k 


V 


1 1 1 1 1 






1 




i 


I 




' 


4 


5 " 


■ 6 


7 " 


8 



STROBE 8 ^ 
1G SELECT 



'OUTPUT GND 



DATA INPUTS 



positive logic: See truth table 



'''Pin assigments for these circuits are the same for all 
packages. 

TRUTH TABLE 



ADDRESS 
INPUTS 


DATA INPUTS 


STROBE 


OUTPUT 


B A 


CO 


C1 02 


C3 


G 


Y 


X X 


X 


X X 


X 


H 


L 


L L 


L 


X X 


X 


L 


L 


L L 


H 


X X 


X 


L 


H 


L H 


t 


L X 


X 


L 


L 


L H. 


X 


H X 


X 


L 


H 


H L 


X 


X L 


X 


L 


L 


H L 


X 


X H 


X 


L 


H 


H H 


X 


X X 


L 


L 


L 


H H 


X 


X X 


H 


L 


H 



Address inputs A and B are common to both sections. 
H = high level, L = low level, X = irrelevant 



31 on 

tn C = 

<j:S 

^ 2H 
>^^ 

zPm 

- »j 
■n-P* 



Resistor values in the OR function have been reduced to values used with Series 54H. This minimizes the capacitive 
effects of paralleling the phase-splitter transistors and reduces the propagation delay times. The SN54153 is 
characterized for operation over the full military temperature range of -55°C to 125°C; the SN74153 is characterized 
for operation from 0°C to 70°C. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vcc (see Note 1 ) 7 V 

Input voltage (see Note 1) 5.5 V 

Operating free-air temperature range: SN54153 Circuits — 55°Cto125°C 

SN741 53 Circuits 0°C to 70°C 

Storage temperature range — 65°C to 150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 



Texas Instruments 
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CIRCUIT TYPES SN54153, SN74153 

DUAL 4-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 



recommended operating conditions 





SN54153 


SN74153 


UNIT 


fUlIN NOM 


MAX 


MIN NOM 


MAX 


Supply voltage Vcc 


4.5 5 


5.5 


4.75 5 


5.25 


V 


Normalized fan-out from each output, N 


High logic level 


20 


20 




Low logic level 


10 


10 




Operating free-air temperature range, T/\ 


-55 25 


125 


25 


70 


°c 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS^ 


MIN 


TYPt 


MAX 


UNIT 


V|H 


High-level input voltage 


1 and 2 




2 


V 


V|L 


Low-level input voltage 


1 and 2 


1 


0.8 




V 


VOH 


High-level output voltage 


1 


V|L = 0.8 V, 


V,H = 2V, 
IOH = -800mA 


2.4 


3.1 




V 


Vol 


Low-level output voltage 


2 


Vcc = MIN, 
V|L = 0.8V, 


V,H = 2V, 
Iql = 16 mA 




0.2 


0.4 


V 


'IH 


High-level input current 
(each input) 


3 


Vcc = MAX, 


V| = 2.4 V 


40 


mA 


Vcc = MAX, 


V| =5.5V 


1 


mA 


l|L 


Low-level input current 
(each input) 


3 


Vcc = MAX, 


V| =0.4V 


-1.6 


mA 


'OS 


Short-circuit output current§ 


4 


Vcc = MAX 


SN54153 


-20 




-55 


mA 


SN74153 


-18 




-57 


'CCL 


Supply current, low-level output 


5 


Vcc = MAX 


SN54153 




36 


52 


mA 


SN74153 




36 


60 



^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 

?AII typical values are at Vqq = 5 V, T/^ = 25 C. 

§Not more than one output should be shorted at a time. 



switching characteristics, Vcc = 5 V, Ta = 25° C, IM = 10 



PARAMETER^ 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


Vlh 


Data 


Y 


6 


Cl=30pF, R|_ = 400n 


12 


18 


ns 


tpHL 


Data 


Y 


15 


23 


ns 


tpLH 


Address 


Y 


22 


34 


ns 


tPHL 


Address 


Y 


22 


34 


ns 


¥lh 


Strobe 


Y 


19 


30 


ns 


¥hl 


Strobe 


Y 


15 


23 


ns 



HtpLH ~ propagation delay time, low-to-high-level output. 
tpHL ~ propagation delay time, high-to-low-level output. 
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CIRCUIT TYPES SN54153, SN74153 
DUAL 4-LINE-TO-MINE DATA SELECTORS/MULTIPLEXERS 

functional block diagram 



STROBE 1G 
(ENABLE) O- 



DATA 1 < 



-c> 



1C0O- 



1C1 O- 



1C20- 



1C3o- 



ADDRESS < 



B O- 



DATA 2 < 



2C0o- 



2C10- 



2C2 0- 



\>H:^' 



'° — [>^7^ 



2C30- 

STROBE 2G 
(ENABLE) O ■< 



> 



S>i 



my 





■^^lyi 




fe^y 



OUTPUT 
1Y 




OUTPUT 
-O 2Y 
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CIRCUIT TYPES SN54153, SN74153 

DUAL 4.LINE-TO-I-LINE DATA SELECTORS/MULTIPLEXERS 

schematic (each selector/multiplexer, and the common address section) 




o^cc 



TO OTHER SELECTOR/MULTIPLEXER 
(SEE FUNCTIONAL BLOCK DIAGRAM) 



NOTE: Component values shown are nominal. 
^\v7 -Vccbus 
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CIRCUIT TYPES SN54153, SN74153 
DUAL 4-LINE-TO-MINE DATA SELECTORS/MULTIPLEXERS 



d-c test circuits 



PARAMETER MEASUREMENT INFORMATION 



TEST 

PER 
TRUTH 
TABLE 



STROBE 1G 

ICO 

1C1 

1C2 

1C3 

STROBE 2G 

2C0 

2C1 

2C2 

2C3 

A B 



ITlT 



FIGURE l-V,^^,V,L,Vo„ 



TEST 

PER 
TRUTH 
TABLE 



STROBE IG 

ICO . 

1C1 

1C2 

1C3 

STROBE 2G 

2C0 

2C1 

2C2 

2C3 

A B 



i lii 



FIGURE 2-V,^^,V,L.VoL 



TEST TABLE 







IN 














■♦- 






4.5 V 
2.4 V 
0.4 V 


'iL 
























I 







SEE 
TEST 
TABLE 



-C STROBE IG 

ICO 

1C1 

102 

103 
-C STROBE 2G 

200 

201 

202 

203 



A B 



INPUT CONDITIONS 


APPLY V| 1 


B 


A 


1G 


2G 


TEST l|L 


TEST l|H 


L ■■' 


' L ■ 


H 


H 




103,203 


L 


H 


H 


H 




102,202 


H 


L 


H 


H 




101,201 


H 


H 


H 


H 




A,B>1G,2G, 
100,200 


L 


L 


L 


L 


A, B, 1G,2G, 
ICO, 200 




L 


H 


L 


L 


101,201 




H 


L 


L . 


L 


. 102,202 




H 


H 


L 


L 


103, 203 





H = 2.4 V, L = 0.4 V 



NOTE: Each input is tested separately. When l||-| is tested, all C inputs not under test are grounded. When I|L is tested, all C inputs not under 
test are at 4.5 V. 



FIGURE 3 -1,^ IjL 

^Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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CIRCUIT TYPES SN54153, SN74153 

DUAL 4-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 



d-c test circuitst (continued) 



PARAMETER MEASUREMENT INFORMATION 



STROBE 1G 
ICO 
1C1 
1C2 
1C3 
-0 STROBE 2G 
2C0 
2C1 
2C2 
2C3 

A B 



T 



_9 



NOTE: Each output is tested separately. 



FIGURE 4 - I 



OS 




FIGURE 5 -Iqcl 



tArrows indicate actual direction of current flow. Current into a terminal is a positive value. 









TEST TABLE FOR FIGURE 6 






INPUTS 


OUTPUT Y 
WAVEFORM 


B 


A 


CO 


CI 


C2 


C3 


G 


GND 


GND 


INPUT 


X 


X 


X 


GND 


A 


GND 


4.5 V 


X 


INPUT 


X 


X 


GND 


A 


4.5 V 


GND 


X 


X 


INPUT 


X 


GND 


A 


4.5 V 


4.5 V 


X 


X 


X 


INPUT 


GND 


A 


GND 


INPUT 


GND 


4.5 V 


X 


X 


GND 


A 


INPUT 


GND 


GND 


X 


4.5 V 


X 


GND 


A 


GND 


GND 


4.5 V 


X 


X 


X 


INPUT 


B 



X = irrelevant 
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switching chsractsristics 



PULSE 
GENERATOR 
{See Note A) 



CIRCUIT TYPES SN54153, SN74153 
DUAL 4-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 

PARAMETER MEASUREMENT INFORMATION 



INPUT 
O 



OUTPUTS 
1Y 2Y 
9 9 



4.5 V 



r 



. SEE 
TEST 
TABLE 



STROBE 1G 

ICO 

1C1 

1C2 

1C3 

STROBE 2G 

2C0 

2C1 

2C2 

2C3 



1Y 



[Cl 

_L30pF 
{See Note B) 



RL = 400n 



4-t>H>HW 



(See Note C) 



'CC 



RL = 400n 



<' N ^ N N ►! 



(See Note C) 



Cl = 30 pF 
■i- (See Note B) 



TEST CIRCUIT 



INPUT 




<10i 



OUTPUT 
WAVEFORM A 



OUTPUT 
WAVEFORM B 



•I ^PLH I* 




90% 




H ¥hl I*- 



<10i 



3V 

(See Note A) 



10% 



ov 



.-._i V, 



-H tPLH 




VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, duty cycle = 50%, and Z^^j^ ^ 50 n. 

B. Cj_ includes probe and jig capacitance. 

C. All diodes are 1 N3064. 

FIGURE 6-SWITCHING TIMES 



T! cannot assume any responsibility for ony tiicuits shown 
or represent that Ihcy are free from patent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



Texas Instruments 

INCORPORATED 
POST OFFiCE BOX S012 • DALLAS, TEXAS 75222 



9-357 



LOW-POWER CIRCUIT TYPES SN54L153, SN74L153 

ni MSI DUAL 4-LINE-TO-l-llNE DATA SELECTORS/MULTIPLEXERS 



Permits Multiplexing from N lines to 1 line 

Performs Parallel-to-Serial Conversion 

Strobe (Enable) Line Provided for Cascading 
(N lines to n lines) 

Typical Average Propagation Delay Times: 

Data Input to Output . . . 27 ns 

Strobe Input to Output . , . 34 ns 

Select input to Output . . . 44 ns 

High-Fan-Out, Low- Impedance, Totem-Pole 
Outputs 

Fully Compatible with most TTL and DTL 
Circuits 

Low Power Dissipation ... 30 mW Typical 



description 



Each of these monolithic, data selectors/multiplexers 
contains inverters and drivers to supply fully com- 
plementary, on-chip, binary decoding data selection 
to the AND-OR gates. Separate strobe inputs are 
provided for each of the two four-line sections. 

These data selectors/multiplexers are fully compatible 
for use with most TTL and DTL circuits. Each 
diode-clamped input represents only one-half of one 
normalized Series 54/74 load, or approximately five 
Series 54L/74L gate loads at a low logic level, or two 
Series 54L/74L gate loads at a high logic level. A 
fan-out to 5 normalized Series 54/74 loads in the 
low-level state and 10 in the high-level state is 
available from each output. Typical power dissipation 
is 90 milliwatts. 



JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



STROBE A 
Vcc 2G SELECT 




DATA INPUTS 




OUTPUT 
2Y 


16 


. 15 . 


14 _ 


13 


12 . 


11 . 


. 10 . 


. 9 






i 


1 1 




203 2C2 201 200 2Y 
c 2G 

B B A A 






<r- 




V7 







- 


( 






/TL 


^ 


J 


< 

-I 








,^^ 




B B ; 


.A 1 












1C3 1C2 1C1 ICO 1Y 1 


1 


^ 


1 1 1 1 1 






1 




I ■ 




\ ' 


4 


" 5 


6 


7 


' 8 





STROBE B ^ 
1G SELECT 



'OUTPUT GND 



DATA INPUTS 



positive logic: see truth tables 



TRUTH TABLE 



SELECT 
INPUTS 


DATA INPUTS 


STROBE 


OUTPUT 


B A 


CO 


CI C2 


C3 


G 


Y 


X X 


X 


X X 


X 


H 


L 


L L 


L 


X X 


X 


L 


L 


L L 


H 


X X 


X 


L 


H 


L H 


X 


L X 


X 


L 


L 


L H 


X 


H X 


X 


L 


H 


H L 


X 


X L 


X 


L 


L 


H L 


X 


X H 


X 


L 


H 


H H 


X 


X X 


L 


L 


L 


H H 


X 


X X 


H 


L 


H 



Select inputs A and B are common to both sections. 
H = high level, L = low level, X = irrelevant 



Resistor values in the OR function have been reduced to minimize the capactive effects of paralleling the phase-splitter 
transistors and to reduce the propagation delay times. The SN54L153 is characterized for operation over the full 
military temperature range of -55°C to 125°C; the SN74L153 is characterized for operation from 0°C to 70°C. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) ^^ 

Input voltage (see Note 1 ) 5.5 V 

Operating free-air temperature range: SN54L1 53 Circuits -55°Cto125°C 

SN74L153 Circuits 0°C to 70°C 

Storage temperature range —65 C to 150 C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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CIRCUIT TYPES SN54L153, SN74L153 
DUAL 4-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 



recommended operating conditions 









SIM54L153 


SN74L153 


UNIT 




MIN MOM MAX 


MIN NOM MAX 


Supply voltage, Vqq 


4.5 5 5.5 


4.75 5 5.25 


V 


Normalized fan-out from 
each output, N 


Series 54L74L gates 


40 


40 




Series 54L/74L inputs 
with 8-kn 
base resistors^ 


High logic level 


20 


20 


Low logic level 


10 


10 


Operating free-air temperature T/^ 


-55 125 


70 


°c 



f This applies for all inputs of circuit types SN54L153 and SN74L153. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TESTCONDITIONSt 


MIN TYPT MAX 


UNIT 


V|(-| High-level input voltage 


1 and 2 




2 


V 


V|L Low-level input voltage 


1 and 2 




0.8 


V 


V| 1 nput clamp voltage 


3 


Vcc = IVllN, l| = -12mA 


-1.5 


V 


Vqh High-level output voltage 


1 


Vcc = MIN, V|H = 2V, 
V|L = 0.8V, Ioh = -400mA 


2.4 


V 


Vql Low-level output voltage 


2 


Vcc = IVIIN, V|H = 2V, 
ViL = 0.8V, loL = 8mA 


0.4 


V 


l| Input current at maximum input voltage 


3 


Vcc = MAX, V| = 5.5V 


1 


mA 


l|(-l High-level input current (each input) 


3 


Vcc = MAX, V| = 2.4 V 


20 


mA 


l|L Low-level input current (each input) 


3 


Vcc = MAX, V| = 0.4 V 


-0.8 


mA 


Iqs Short-circuit output current§ 


4 


Vcc = MAX 


SN54L153 


-10 -28 


mA 


SN74L153 


-9 -30 


'CCL Supply current, low-level output 


5 


Vcc = MAX 


SN54L153 


26 


mA 


SN74L153 


18 30 



^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type, 
t All typical values are at Vcc = 5 V, T^ = 25°C. 
SNot more than one output should be shorted at a time. 

switching characteristics, Vcc = 5 V, Ta = 25° C, N = 10 



PARAMETER H 


FROM 
INPUT 


TO 
OUTPUT 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH 


Data 


Y 


6 


CL = 30pF, RL = 400n 


24 36 


ns 


tPHL 


Data 


Y 


30 46 


ns 


tPLH 


Select 


Y 


44 68 


ns 


tPHL 


Select 


Y 


44 68 


ns 


tPLH 


Strobe 


Y 


38 60 


ns 


tPHL 


Strobe 


Y 


30 46 


ns 



HtpLH = propagation delay time, low-to-high-level output. 
tpHL ~ propagation delay time, high-to-low-level output. 
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CIRCUIT TYPES SN54L153, SN74L153 

DUAL 4-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 



functional block diagram 



STROBE 1G 
(ENABLE) O- 



DATA 1 < 



-H> 



1C0O- 



1C1 o 



1C2 0- 



1C3 0- 



B O- 



SELECT < 



DATA 2 < 



2C0O- 



2C10- 



2C2 0- 



2C30- 
STROBE 2G 



i>M> 



;° — [>7^> 



(ENABLE) O- 



i> 



my 






myi 







OUTPUT 




OUTPUT 
2Y 
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CIRCUIT TYPES SN54L153, SN74L153 
DUAL 4-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 



schematic (each selector/multiplexer, and the common select section) 



:940f2 




-0^00 



-OGND 



▼ ▼ ▼ ▼ ♦ ♦ 

TO OTHER SELECTOR/MULTIPLEXER 
(SEE FUNCTIONAL BLOCK DIAGRAM) 



NOTE: Component waiues shown are nominal. 

\v/ ■ . . Vcc bus 
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CIRCUIT TYPES SN54L153, SN74L153 

DUAL 4-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 



PARAMETER MEASUREMENT INFORMATION 



d-c test circuitsl" 



TEST 

PER 
TRUTH 
TABLE 



STROBE 1G 

ICO 

1C1 

1C2 

1C3 

STROBE 2G 

2C0 

2C1 

2C2 

2C3 

A B 



'^^o. ^ 



111 



1 



FIGURE 1-V|H,V|L,VoH 



TEST 

PER 
TRUTH 
TABLE 



STROBE 1G 

ICO 

1C1 

1C2 

1C3 

STROBE 2G 

2C0 

2C1 

2C2 

2C3 

A B 



1 i 1 i 1 



f 



FIGURE 2-V|H,V|L, Vol 



TEST TABLE 




r 



SEE 
TEST 
TABLE 









n 




ICO 

1C1 

1C2 1Y 

1C3 

STROBE 2G 

2C0 2Y 

2C1 

2C2 

2C3 

A B 






















1 














- 



:}■ 



INPUT CONDITIONS 


APPLY l| 


APPLY V| 1 


B 


A 


1G 


2G 


TEST V| 


TEST 1,, i,H 


TEST l,L 


L 


L 


H 


H 




1C3, 2C3 




L 


H 


H 


H 




1C2, 2C2 




H 


L 


H 


H 




1C1,2C1 




H 


H 


H 


H 




A, B, 1G,2G, 
ICO, 2C0 




L 


L 


L 


L 


A, B, 1G, 2G, 
ICO, 2C0 




A, B, 1G,2G, 
ICO, 2C0 


L 


H 


L 


L 


1C1,2C1 




1C1,2C1 


H 


L 


L 


L 


1C2, 2C2 




1C2, 2C2 


H 


H 


L 


L 


1C3, 2C3 




1C3, 2C3 



H = 2.4 V, L = 0.4 V 



NOTE: Each input is tested separately. Wlien 1|h is tested, all C inputs not under test are grounded. When I|l is tested, all C inputs not under 
test are at 4.5 V. 

FIGURE 3-V|,l|,l|H,l|L 



^Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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CIRCUIT TYPES SN54L153, SN74L153 
DUAL 4-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 



d-c test circuits: (continued) 



PARAMETER MEASUREMENT INFORMATION 



4.5 VO — • 



STROBE 1G 

ICO 

1C1 

1C2 

1C3 

STROBE 2G 

2C0 

2C1 

2C2 

2C3 

A B 



ni 



_J> 



NOTE: Each output is tested separately. 
FIGURE 4 - Iqs 



? I 'CCL 



STROBE 1G 

ICO 

1C1 

1C2 

1C3 

STROBE 2G 

2C0 

2C1 

2C2 

2C3 

A B 



FIGURE 5- 



CCL 



t Arrows indicate actual direction of current flow. Current into a terrninai is a positive value. 









TESt fABlE fOB f-tGURE 6 












INPUTS 








OUTPUT Y 
WAVEFORM 


B 


A 


CO 


CI 


C2 


C3 


G 


GND 


GND 


INPUT 


X 


X 


X 


GND 


A 


GND 


4.5 V 


X 


INPUT 


X 


X 


GND 


A 


4.5 V 


GND 


X 


X 


INPUT 


X 


GND 


A 


4.5 V 


4.5 V 


X 


X 


X 


INP; ■ 


GND 


A 


GND 


INPUT 


GND 


4.5 V 


X 


X 


GND 


A 


INPUT 


GND 


GND 


X 


4.5 V 


X 


GND 


A 


GND 


GND 


4.5 V 


X 


X 


X 


INPUT 


B 



X = irrelevant 
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CIRCUIT TYPES SN54L153, SN74L153 

DUAL 4-LINE-T0-1-UNE DATA SELECTORS/MULTIPLEXERS 



PARAMETER MEASUREMENT INFORMATION 



switching characteristics 



INPUT 
Q 



'CC 



PULSE 
GENERATOR 

(See Note A) 



OUTPUTS 
1Y 2Y 

9 9 



'CC 



4.5 V 



r 



SEE 

TEST 

TABLE 

ON 

PRECEDING 

PAGE 



STROBE 1G 

ICO 

1C1 

1C2 

1C3 

STROBE 2G 

2C0 

2C1 

2C2 

2C3 



A B 



:cl 

JL30pF 

(See Note B) 



RL = 400n 



w-w-w 



(See Note C) 



'CC 



RL = 400n 



I N ^ WW Wi 



(See Note C) 



Cl = 30 pF 
■±- (See Note B) 



TEST CIRCUIT 



J <10i 



INPUT 



OUTPUT 
WAVEFORM A 



OUTPUT 
WAVEFORM B 




90% 




VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR< 1 MHz, duty cycle = 50%, and Zo^t '^ 5° ^• 

B. C[_ includes probe and jig capacitance. 

C. All diodes are 1N914. 

FIGURE 6-SWITCHING.TIMES 
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SERIES TIDM1, TIDM2 
DIODE MATRICES 



MONOLITHIC DIODE MATRICES 



For Application As 

• Programmable Read-Only Memories 

• Alphanumeric Character Generators 



For Use In 



CRT Displays 
Minicomputers 



• Frequency Generators 

• Logic Interface Circuits 

• Peripheral Equipment 

• Solid-State Memories 



OH 



description 



These monolithic dielectrically isolated diode matrices are fabricated using epitaxial techniques. The desired matrix 
patterns are programmed by selectively opening the fusible link in series with each diode. This may be done by the user 
by following the fusing procedure described herein, or custom-programmed matrices may be ordered by sending in a 
schematic diagram with circles around the diodes to be deleted. Automatic equipHnent at Texas Instruments can provide 
instantaneous code-pattern customizing of devices. Only unprogrammed matrices will be symbolized with the type 
numbers shown in the table below. Circuits custom-programmed to a particular pattern will be assigned a special device 
number by Texas Instruments, and this number will appear on the device. 

Both the high-speed Series TIDM1 and medium-speed Series TIDM2 matrices are available in hermetically sealed metal 
flat packages (F), ceramic dual-in-line packages (J), or ceramic flat packages (W). See Section 1 for ordering instructions 
and outline drawings of all packages. 



absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 










5X5 MATRICES 
6X6 MATRICES 
6X8 MATRICES 
8X5MATRICES 
8X6 MATRICES 


TIDM155 
TIDM166 
TIDM168 
TIDM185 
TIDM186 


Tl DM255 
Tl DM266 
Tl DM268 
Tl DM285 
TIDM286 


UNIT 




Peak Reverse Voltage (See Note 1) 


45 


35 


V 




Steady-State Reverse Voltage, Vr 


25 


V 




Peak Forward Current per Diode at (or below) 25°C Free-Air Temperature (See Note 1 ) 


100 


mA 




Continuous Power Dissipation at (or below) 25°C Free-Air Temperature (See Notes 2 and 3) 


400 i mW 




Operating Free-Air Temperature Range 


-65 to 150 °C 




Storage Temperature Range 


-65 to 200 °C 




Lead Temperature 1/16 Inch from Case for 10 Seconds 


300 1 "C 



NOTES: 1. These values apply for lOO-^is pulses, duty cycle < 20%. 

2. The values shown for total device apply for any combination provided the ratings of individual diodes are not exceeded. 

3. Derate linearly to 150°C free-air temperature at the rate of 3.2 mW/ C. 
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SERIES TIDMI, TIDM2 
DIODE MATRICES 



CUSTOMIZED CIRCUITS 

To order custom programmed circuits, circle the 
diodes to be elimated in the appropriate schematic as 
shown in the example below. 



K\m 







TIDM155, TIDM255 5X5 MATRICES 

ANODE PINS 



© 
© 



:^.:i^.^.k 



x^:^^.^. 



:^:^.:^:^:^ 



x^.^.x\ 



(V) no) n?) n2) Make no external connection 



"iDMIBB, TiDrvl266 6X6 MATRICES 



ANODE PINS 



TIDM16S, TIDM268 6X8 MATRICES 

ANODE PINS FUSIBLE 



(p © @ (p ® ® 

■ill 




m 

8©- 
3© 

© 
© 



v\.vvvvv\ 



x^.^.vvsk:^. 



x\:\^\,\:\^\,\^ 
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electrical characteristics at 25° C free-air temperature 



PARAMETER 


TEST CONDITIONS 


SERIES TIDMI 


SERIES TIDM2 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


V(gR) Reverse Breakdown Voltage 


Ir = ^oo^iA 


45 


35 


V 


1 R Static Reverse Current 


Vr = 25 V 


20 


50 


nA 


Static Reverse Current 

(with Adjacent Diode Conducting) 


See Figure 1 


20 


50 


nA 


Vp Static Forward Voltage 


1 F = 1 mA 


0.8 


0.9 


V 


Ip = 20mA 


1.5 


1.7 


Total Capacitance between 
C-p Any Anode Terminal and 
Any Cathode Terminal 


Vr=5V, f=1MHz 


4 


4 


pF 



switching characteristics at 25° C free-air temperature 



PARAMETER 


TEST CONDITIONS 


SERIES TIDMI 


SERIES TIDM2 


UNIT 


MIN TYP MAX 


MIN TYP MAX 






lp = 10mA, lR|vi = 10mA, 








trr 


Reverse Recovery Time 


Rl = 100 n, ipr = 1 rnA, 
See Figure 2 


10 


25 


ns 



PARAMETER MEASUREMENT INFORMATION 



COMMON 
CATHODE 
CONNECTION 4 



D1 

02 



^ 



ANODE 
-5 V CONNECTION 

ANODE 
CONNECTION 



NOTE: D1 and D2 are any two adjacent diodes with a common cathode connection. 



@- 



Adjust amplitude 
for I F = 10 mA 




--W- 



Adjust for 
Irm = 10 mA 



-@ OUTPUT 




INPUT VOLTAGE 
WAVEFORM 



TEST CIRCUIT 



OUTPUT CURRENT WAVEFORM 



FIGURE 2-REVERSE RECOVERY TIME 



NOTES: a. The input pulse is supplied by a generator with the following characteristics: tf < 1 ns, ZQ^J^ = 50 fl, t^ = 200 ns, duty 
cycle < 1%. 
b. The output waveform is monitored on an oscilloscope with the following characteristics: t^ < 0.4 ns, Rjf, = 50 fl. 
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FUSING PROCEDURE 




PAMP 

CURRENT 

GENERATOR 



INDICATOR 



ANODE 
SELECT 



CATHODE 
SELECT X 



_r 



-*o 




\.\\.W 



\'^;\\\ 



!My\N; N 



WW 



FUSIBLE 
LINK 



FIGURE 3 

A ramp current generator provides the fusing current. The diode to be eliminated is selected by setting switches S2 and 
S3. When SI is activated to position 2, current through the fusible link opens the link in series with the selected diode. 
The peak fusing current required to open a fusible link is approximately 750 milliamperes. Switch SI in position 1 gives 
a visual indication of the condition of the selected diode before and after fusing. 



TYPICAL CHARACTERISTICS 
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FIGURE 4 



FORWARD CONDUCTION CHARACTERISTICS 
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